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Flowering branch of white snakeroot. 
1 le i eg eee Sac ee ee ee ea ett, Be ec 
Flowering branch of mountain laurel (Kalmia latifolia L.)....2------ 
Fig. 1.—Apple leaves showing leaf-spots produced by natural infec- 
tion. Fig. 2.—Apple leaves showing leaf-spots produced by 
inoculation with Sphaeropsis malorum Pk ..............-------- 
Fig. 1.—Unsprayed Winesap trees defoliated by the leaf-spot disease. 
2.—Sprayed Winesap trees in full foliage, located in the same 
orchard and photographed at the same time (October 19, 1906) as 
those shown in figure 1 . 
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MISCELLANEOUS. PAPERS. 


THE SUPPOSED RELATIONSHIP OF WHITE SNAKE- 
ROOT TO MILKSICKNESS, OR “TREMBLES.”* 


By Avserr C. Crawrorp, Pharmacologist, Poisonous- Plant Investigations. 


HISTORICAL INTRODUCTION. 


Many of the early settlers of the Ohio Valley, especially in Indi 
ana and Illinois, were affected with a peculiar disorder known as 
milksickness, a disease which is said to have caused the death of 
Abraham Lincoln’s mother. Persons with this disorder usually 
showed no mental disturbances save slight apathy, although late in 
the course of the disease there might be coma. 

Milksickness was usually characterized by vomiting, which might 
be bloody, and obstinate constipation, but in rare cases this was 
absent.” So marked was this constipation that the name paralysis of 
the intestines was once suggested for the disorder.°. The abdominal 
walls were retracted and the pulsations of the abdominal aorta could 
thus be easily seen. Later in the course of the disease tympanites has 
occurred.?. The urinary secretion was diminished and the breath 
took on a peculiar fetid odor which was considered pathognomonic. 


a One of the most serious diseases which formerly threatened the life of man 
and beast in the forested parts of the Ohio Valley and adjacent territory was 
that known as milksickness, or “trembles.” Although of late years much less 
trouble has been experienced, an occasional outbreak is reported. 

In responding to a request that the United States Department of Agriculture 
investigate an attack of milksickness ‘occurring near Peoria, Ill., a favorable 
opportunity was obtained to test the widespread and persistent popular belief 
that the plant known as white snakeroot (Hupatorium ageratoides L. f.) is 
responsible for the trouble. 

After a study extending through several months, Dr. Albert C. Crawford, 
Pharmacologist, acting under the direction of Dr. R. H. True, Physiologist 
in Charge of the Poisonous-Plant Investigations of this Bureau, has shown in 
the results summarized in this technical paper that the eating of the plant of 
the white snakeroot by animals or man is not followed by the disease and that 
there is probably no relation between them.—B. T. GALLoway, Chief of Bureau. 

> Crookshank, N. On the “Sick Stomach” of the Western Country, or 
Gastro-enteritis. Phila. Jour. Med. and Phys. Sci., vol. 12, p. 254, 1826. 

© Dawson, J. Causes and Treatment of Milksickness. Proc. Med. Conven- 
tion, Ohio, 1842, p. 48. 

4Wood, G. B. Treatise on the Practice of Medicine, vol. 1, p. 462, 1858. 
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Associated with these symptoms were those of prostration, with rest- 
lessness and great thirst. Pain was referred to various localities. 
The temperature usually remained normal or was subnormal, rarely 
exceeding 99° F.7 At times it reached 100° F. There are, however, 
very few recorded cases in which the temperature was actually meas- 
ured by a thermometer.2 The pulse remained about normal, but 
might at times be accelerated. Nothing very characteristic was noted 
concerning the tongue save that it was enlarged.* In certain cases 
difficulty in swallowing was reported; in others hiccough was a more 
or less prominent symptom.” No reports were made as to the con- 
dition of the pupil or of any ocular disturbances save an intolerance 
of light.° 

There was said to be an incubation period of from two to ten days,’ 
although apparently some cases had no such period.’ The disease 
itself usually lasted from two to twenty days, but chronic cases are 
reported.” The disorder generally occurred in spring or autumn, 
particularly in autumn, although it might appear at any season.’ 
The conditions which were especially favorable for its development 
were said to be those which interfered with normal excretion.’ One 
attack gave no immunity, but rather predisposed to a second one." 

The post-mortem records are few in number. The only lesions 
reported are those of irritation and inflammation of the stomach and 


“\immell, J. A. Milk Sickness in America. Verhandl. d. X internat. med. 
Cong., vol. 2, pt. 5, p. 54, 1891. 

>Hurd, A. Milk Sickness. Clinic, Cincinnati, vol. 9, p. 280, 1875.—Way, 
J. H. Clinical History, Nature and Treatment of ‘“ Milk-Sickness.” Amer. 
Jour. Med. Sci., n. s., vol. 106, p. 310, 1898.—Yandell, L. P. Inquiry into the 
Nature of the Disease Called Milk-Sickness. West. Jour. Med. and Surg., 3 s., 
vol. 9, p. 393, 1852.—Drake, D. Memoir on the Disease Called by the People 
“Trembles.”” West. Jour. Med. and Surg., vol. 3, p. 178, 1841. 

¢ Graff, G. B. On the Milk Sickness of the West. Amer. Jour. Med. Sci., 
n. s., vol. 1, p. 354, 1841. 

@ Coleman, A. Observations on the Disease Generally Known by the Name of 
the Sick Stomach. Phila. Jour. Med. and Phys. Sci., vol. 4, p. 825, 1822. 

é Graft, G. B., l. ¢@, p. 354. 

7 Beach, W. M. Milk Sickness. Trans. Ohio State Med. Soce., vol. 38, pp. 131, 
133, 1884.—Kimmel, J. A., 1. ¢., p. 50. 

9Yandell, L. P., 1. @., p. 394. 

*Yandell, L. P., 1. ¢., p. 892.—Kimmell, J. A., 1. c., p. 54. 

«Byford, W. H. Milk Sickness. Nashville Jour. Med. and Surg., vol. 9, p. 
467, 1855.—Yandell, L. P., 1. «, p. 379.—Beck, J. C. Milk-Sickness. North- 
West. Med. and Surg. Jour., vol. 14; p. 497, 1857. 

Jj Philips, W. H. Milk Sickness. Cincinnati Lancet and Observer, vol. 38, 
p. 142, 1877. . 

i Philips, W. H., l. c., p. 147.—Yandell, L. P., 1. c., p. 392. 

121—1 


RELATIONSHIP OF WHITE SNAKEROOT AND MILKSICKNESS,. 7 


intestines, as shown by hemorrhages into the lumen of these organs 
and injection of their walls, with at times adhesion of the intestinal! 
walls to one another.” The pyloric region was found contracted,’ 
and Peyer’s and Brunner’s glands were swollen. Graff has reported 
in one case adhesions and thickening of the cerebral membranes.*_ In 
other cases in which autopsies were made very slight lesions were 
noted.° 

The clinical symptoms of some cases of milksickness resemble 
closely those described by Vaughan and Novy under the name galac- 
totoxismus’ and would probably be so diagnosed if they occurred 
outside of the areas where milksickness is prevalent. Schmidt’ sug 
gested that cases of milksickness occurred in cities, but were not 
diagnosed as such. Other cases resemble other forms of ptomaine 
poisoning described by Vaughan," while the symptoms of still others 
resemble those occurring in Van Ermengem’s cases of sausage pois- 
oning. These cases described by Van Ermengem‘ showed marked 
nausea and vomiting and severe constipation, although two cases had 
diarrhea. ‘There was retention of urine, while the temperature, pulse, 
and mental symptoms remained about normal, as in cases of milk- 
sickness. Some difficulty in swallowing was noted and there were 
ocular disturbances—diplopia, dilatation of the pupil, ptosis, ete. 
The post-mortem examination, as in milksickness, showed no char- 


“De Bruler, J. P. Milk-Sickness. Chicago Med. Jour., vol. 15, p. 209, 1858. 

b Davis, K. H. Milk-Sickness. Atlanta Med. Reg., vol. 1, p. 394, 1881-82. 

© Byford, W. H., |. ¢, p. 465.—Drake, D. Morbid Anatomy of Milksickness. 
West. Jour. Med. and Surg., vol..4, 1841, p. 234. 

d Graff, G. B., 1. ¢., p. 366. 

© Crookshank, N.,. 1. ¢c., p. 256. 

f Vaughan, V. C., and Novy, F. G. Cellular Toxins, 1902, p. 216. Compare 
araff, G. B., J]. c., p. 864; also Walker, J. W., Milk-Sickness, Science, vol. S, p. 
483, 1886. 

9 Schmidt, C. H. Milk Sickness. Cincinnati Lancet and Observer, Y¥ol. 20, 
p. 412, 1877. 

"Vaughan, V. C. Ptomaines, Toxins and Leucomains. ‘Twentieth Century 
Practice, vol. 13. 

‘Van Ermengem, E. Ueber einem neuen anaerob. Bacillus u. seine Bezie- 
hungen z. Botulismus. Zeits. f. Hygiene, vol. 26, p. 1, 1897; Untersuch. ii. Fiille 
y. Fleischvergift. mit Symptomen y. Botulismus. Cent. f. Bakter., part 1, vol. 
19, p. 442, 1896.—Romer, P. Ein Beitrag z. Aetiologie des Botulismus. Cent. 
f. Bakter., part 1, vol. 27, p. 857, 1900.—Kempner, W., and Pollack, B. Wirkupg 
des Botulismustoxins (Fleischgiftes) und seines specifischen Antitoxins auf die 
Nervenzellen. Deutsch. Med. Woch., vol. 23, p. 505, 1897.—Brieger and Kemp- 
ner, W. Beitr. z. Lehre von der Fleischvergift. Deutsch. Med. Woch., 1897, p. 
521.—Kempner, W. Weiterer Beitrag z. Lehre von den Fleischvergift. Das 
Antitoxin des Botulismus. Zeits. f. Hygiene, vol. 26, p. 481, 1897.—Osler, W. 
Modern Medicine, vol. 1, p. 282, 1907, 
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acteristic macroscopic lesion. From the spleen was isolated an ane- 
robic bacillus which could reproduce the symptoms of the disorder 
in animals. This organism was found in various places in the meat 
used in making the sausage. On culture media it developed an odor 
of butyric acid. The toxin obtained from these cultures would re- 
sist heating at 70° C. for a short time, but heating to 100° C. destroyed 
it at once. Van Ermengem mentions that in cats injected with this 
toxin there was muscular rigidity and that the ocular symptoms in 
these animals were not marked. Dogs, however, were very resistant 
to the action of this toxin. This organism has also been found in the 
feces of hogs. A similar outbreak occurred in Darmstadt after eating 
vegetables infected with the same organism." 

No doubt the term ‘* milksickness”” has been made to embrace a 
variety of clinical conditions; in fact, there has been such confusion 
in the reports that some authors, as Yandell, have denied its existence 
as a peculiar entity.” 

The mortality as given by Coleman® is one death in every twenty 
or thirty cases. Others, as Mendenhall,’ allude to milksickness as a 
“very grave disease ”; others, again, speak of the outlook as favor- 
able under the proper treatment. 

In the same portions of the country in which milksickness occurred 
a similar, if not identical, disorder also affected domestic animals, 
especially cattle. In them muscular tremors were present and became 
especially noticeable when the animals were driven, so that this dis- 
order received the name of “trembles.”° It was also called the 
“ tires,” on account of the disinclination of the animals to move. A 
rigidity of the muscles has been noted by McCall.’ The post-mor- 
tem examination showed the gastric mucosa to be softened and the 
stomach and intestines contracted,’ in some cases gangrenous,! and at 
times there was more or less peritonitis. The odor developing at 


a Fischer, A. Ueber eine Massenerkrankung an Botulismus infolge Genusses 
* verdorbener ” Bohnenkonseryen. Zeits. f. klin. Med., vol. 59, p. 58, 1906. 

Norre.—The bacillus Aeroganes capsulatus which occurs in the human intes- 
tinal tract may give rise to infections associated with constipation. See Herter, 
Cc. A., Common Bacterial Infections of the Digestive Tract, 1907, p. 207. 

+ Yandell, L. P., 1. ¢, p. 398.—Hibberd, J. F. Observations on Milk-Sickness. 
Western Lancet, 1845, vol. 8, p. 445. 

€ Coleman, A., I. ¢., p. 325. 

@\Mendenhall, I. Milk-Sickness. Chicago Med. Jour., vol. 18, p. 435, 1861. 

eYandellenien 2s lke Gr est aus. 

/ McCall, A. Facts and Observations on the Milk Sickness. West. Jour. 
Med. and Phys. Sci., vol. 3, p. 467, 1830. 

VGratt. Ge Bs ols Gy) pe 02. 

1 Dickey, W. Essay on Milk Sickness. Western Lancet, vol. 13, pp. 891-895, 
1852. 
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some of these autopsies was especially offensive and was compared 
with the odor arising in mercurialism.¢ In one case the cerebral 
ventricles contained fibrin and the brain itself was surrounded by 
serum and pus.’ The spinal cord in this case showed signs of in- 
flammation. In other cases no special lesions were noted.° 

It was proved that many cases of milksickness were commtnicated 
to man by means of milk and its products” or meat’ obtained from 
cattle affected with the “trembles”; even the amount of cream 
usually added to coffee is said to have induced the disease. Other 
cases apparently arose without the products of diseased animals 
being eaten, as by using contaminated water; /% and, again, cases have 
occurred in vegetarians.” In some cases the fencing off of the sus- 
pected springs from the pasture was followed by the disappearance of 
“trembles” from the neighborhood. The “trembles” still appear 
at times, although much less common than formerly,’ its disappear- 
ance being traced to the cultivation of the soil;/ and it is associated 
with certain shady, sharply localized, wet, untilled areas. No char- 
acteristic geological peculiarity has been proved for these areas." 
Drake met the disorder almost entirely on oak plateaus, and especially 


NiGratt, G. Bi, 1. ¢., p. 363. 

© Philips, W. H. Milksickness. Cincinnati’ Lancet and Observer, vol. 20, p. 
132, 1887.—Beach, |. ©, p. 137. 

4Prake, D., 1. ¢., p. 194.—Wilkinson, G. W. Etiology of Milksickness. North- 
west. Med. and Surg. Jour., vol. 14, p. 156, 1857.—Townshend, N. S. Milk- 
Sickness. Jour. Comp. Med. and Surg., vol. 4, p. 118, 1883.—Schmidt, C. H. 
Milk Sickness. Cincinnati Lancet and Observer, vol. 20, p. 411, 1S7T. 

¢Yandell, L. P. Report on Milk Sickness. Proc. State Med. Soc. Kentucky, 
p. 94, 1868. [Gives negative reports. ] 

f Graff, G. B., 1. ¢@., p. 359. 

9 Crookshank, N. Observations on the Milk Sickness, Cincinnati, 1840, p. 11; 
Sick Stomack, Ohio Med. Rep., vol. 1, p. 11, 1826.—Yandel]l, L. P. Inquiry into 
the Nature of the Disease Called Milk-Sickness, West. Jour. Med. and Surg., 3 s.. 
vol. 9, pp. 385, 389, 1852.—Walker, J. W. Milk-Sickness. Science, vol. 8, p. 483, 
1886.—Wilkinson, G. W., 1. ¢, p. 158.—Thompson, 8. W. Milk-Sickness. West 
Jour. Med. and Surg., 3 s., vol. 11, p. 480, 1853.—Jones, J. T. Short Essay on 
Milk Sickness. East Tenn. Rec, Med. and Surg., vol. 1, p. 330, 1852-53. 

eS AOUeH, Jd. T,. 1. ¢, ps 329. 

*Connor, J. J. Further Contribution to the Subject of Milk-Sickness. Chi- 
¢ago Clinic, vol. 17, p. 333, 1904. 

J Yandell, L. P., 1. ¢, p. 387.—Walker, J. W., 1. ¢.. 540: also Trans. Indiana 
State Med. Soc., 1873-75, p. 128. 

Note.—Some areas are not entirely freed by cultivation. 

kYandell, L. P., 1. ¢, p. 379. 

Note.—J. S. Seaton in his ‘Treatise on the Cause of the Disease Called by 
the People the Milksickness,” p. 10, claims that he can pick out milksick areas 
by the geological conditions. 

' Drake, D., 1. ¢., p. 184. 
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disease is contracted by leaving the cattle in these areas over night 
and that the disorder can be avoided by withdrawing them from 
pasture before dark. Corn fodder experimentally exposed to the 
dew in these areas communicated the disorder to a yearling.’ 

One of the peculiarities claimed for this disease is that cows will 
show no’ symptoms so long as they are milked, while their nursing 
calves die with typical symptoms, but when the milking ceases the 
cows develop the symptoms in the usual manner. In other words, 
the poisonous agent is partially eliminated by the milk.“ The urine 
is also claimed to eliminate a portion of the poisonous body.’ The 
suspected milk in some cases was noted to be of a greenish color,’ 
but usually there was no characteristic noted which is peculiar to it./ 

The disease was apparently known to the early French mis- 
slonaries in the eighteenth century, but accounts of it first appeared 
in medical literature in 1809-10.2. They were numerous from 1840 to 
1850, but now notices seldom appear. 

The etiology of this disorder has remained in doubt, and Osler, 
in an address before the young medical officers of the United States 
Army, mentions its causation as one of the many intricate problems 
remaining to be solved. Rewards were at one time offered by several 
States for the solution of this question, but these do not hold at 
present. Opinion has been .divided as to whether ‘“ trembles,” or 
milksickness, is of parasitic origin or due to the eating of certain 
plants, as Rhus towicodendron or R. venenata,' Bignonia capreolata, 


“Beach, W. M. Milk-Sickness. Trans. Ohio State Med. Soc., vol. 38, pp. 
128, 1380, 1884.—Lea, W. W. Cursory Remarks on a Disease Vulgarly Called 
Milk Sick. Phila. Jour. Med. and Phys. Sci., vol. 2, p. 51, 1821.—Way, J. H., 
LRGs weo 

o Walker, J. W., 1. c, p. 483. 

¢Kimmell, J. A., 1. ¢., pp. 50, 52.—Drake, D., 1. ¢., pp. 198, 200.—Graff, G. B., 
Ee pRoOO: 

¢ Graff, G. B., 1. ¢c., p. 360. 

© MeCall, A. Facts and Observations on the Milk Sickness. West. Jour. 
Med. and Phys. Sci., vol. 3, p. 467, 1830. 

f Graft, G. B., 1.°¢., p. 359. 

9 Drake, D., 1. ¢., p. 162; also West. Jour. Med. and Phys. Sci., vol. 3, p. 482, 
1830. 

k Osler, W. Aequanimitas, 1904, p. 116. 

7 Landrum, Z. C. Rhus Toxicodendron, the Cause of Milk Sickness. Atlanta 
Med. and Surg. Jour., vol. 7, A, p. 1, 1861.—Chase, S. C. Cause of Milk-sickness. 
Chicago Med. Jour., vol. 18, p. 488, 1861.—MclIlhenny, J. J. Treatise on 
the Disease Called the Milk-Sickness, Springfield, 1848, p. 6.—Nichols, J. H. 
Milk-Sickness. | Clinic, Cincinnati, vol. 10, p. 26, 18S76.—Brewington, W. J. Milk- 
Sickness. Clinic, Cincinnati, vol. 10, p. 76, 18S76.—Crook, J. W. Twenty Propo- 
sitions on Milk-Sickness. North-West. Med. and Surg. Jour., vol. 14, p. 491, 
1857.—Jones, J. T. Short Essay on Milk Sickness (Colica trementia). East 
Tenn. Ree. Med. and Surg., vol. 1, p. 324, 1852-58. 
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Eupatorium ageratoides, Lobelia inflata, ete. Graft? eliminated 
arsenic, copper, etc., as causative factors and showed that small 
quantities of the butter or cheese (1 ounce) or of the beef (4 ounces) 
obtained from animals with the “trembles,” if fed to a dog three 
times a day, would reproduce the symptoms in forty-eight hours and 
cause death in from three to six days; but his inoculations failed to 
produce the disorder. Graff adds that the poisonous principle seems 
to possess the power of infinite reproduction, stating, “It will be 
found that each pound of flesh of that animal so destroyed will 
possess as active powers of destruction, and will, in its turn, serve 
to contaminate the whole body of another animal in the same degree.” 
Vermilya ¢ claims that he was able to reproduce the disorder by feed- 
ing Lupatorium ageratoides and that his experiments were corrobo- 
rated by Rowe, but A. W. Bitting, of Lafayette, Ind., reported to 
this Department his experiments in which he fed a horse 210 pounds 
(105 kilos) of this fresh green plant in five days without serious 
effect. He also fed two lambs with 80 pounds (40 kilos) without 
effect. Similar experiments are reported by Drake.? The theory 
of a plant poison was emphasized, as herbivorous animals were sup- 
posed to be the first affected and from them the disease transmitted 
to the carnivora, although the cases do not always originate in 
herbivora.° 


a Jerry, W. The Plant that Causes Milk Sickness. Med. he Surg. Rep., 
vol. 16, p. 270, 1867.—Drake, D., 1. ¢., pp. 213—224.— Jones, J. Ht hae 2, D. d24. 

> Graff, G. B., 1. c., pp. 357, 360, 362, 

NotTe.—Graff says the meat is active ‘‘raw or boiled,’ but there is evidently 
some mistake, 4s he states on page 361 that “I boiled a large quantity of the 
beef in pure water for several hours, and afterwards evaporated the liquid 
thus obtained to the consistence of cream. Although this extract contained 
u large quantity of gelatinous matter, with some of the other constituents of 
the flesh, yet, on being given in large quantities, no perceptible effect was pro- 
duced.” 

Compton, J. W. Milk-Sickness. Indiana Med. Reporter, vol. 2, p. 255, 1881. 

e Ohio State Board of Agriculture, 15th Ann. Rept. for 1858, 1859, p. 673.— 
Barbee, J. W. Facts Relative to the Endemic Disease Called by the People of 
the West Milk-Sickness. Western Jour. Med. and Surg., vol. 1, p. 182, 1840.— 
Drake, D., 1. ¢., p. 214. 

NotgeE.—The view that arsenic is the etiological factor in milk-sickness has 
been strenuously upheld by Seaton in his Treatise on the Cause of the Disease 
Called by the People the Milksickness. Louisville, 1841. 

@ Drake, D., 1. ¢., pp. 215-217. 

Notr.—The cases described by Barbee in the Western Journal of Medic ine and 
Surgery, vol. 1, p. 182, 1840, in which dogs were killed with decoctions of this 
plant, seem to be merely cases of so-called salt action. 

*Compare Jones, J. T., 1. c., p. 328. 
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In 1843 Heeringen,’ and later, in 1853, Heusinger,’ compared this 
disorder to anthrax. and in 1858 Wood on purely Hterary evi- 
dence argued the presence of “a germ.” © Byford and De Bruler ° 
called attention to the fact “that it undergoes multiplication in the 
system ” and that it lost none of its virulence by passing through four 
successive animals. Gardner / and Hessler’ claim to have found para- 
sites in the blood, while Philips" compares the organism seen by hin 
to that met with in relapsing fever. The examinations of the blood 
made by Schmidt were negative.’ Molds and mushrooms also have 
been claimed to be the etiological factors.’ No one has yet reproduced 
the clisease by injection of pure cultures of organisms. 

The question thus remained in doubt, with the weight of evidence 
in favor of a parasitic origin, when a paper by Moseley * appeared. 
As his paper attributes the origin of this disorder to the eating of 
Eupatorium ageratoides, or white snakeroot, it was deemed advisable 
to analyze his evidence, as follows: 

Experiment No, 1—This consisted in feeding a cat weighing 
44 pounds (2,041 grams) with a solution made by extracting the leaves 
of three or four (4) plants in one pint (473 c. c.) of milk. After 
taking about one-half gill (59 ¢. ¢.) of this extract the animal showed 
tremors and dullness and was found dead in about twenty-six hours. 
The post-mortem examination proved to be negative. It is possible 
in this ease that bacteria may have developed in the milk and pro- 
duced poisonous compounds before feeding. This experiment was 
performed by Moseley’s assistant and the animal was not seen by him 
until after death. 

Erperiment No, 2—A tramp kitten of unknown history weighing 
30 ounces (850.5 grams) was fed with a decoction made from one-half 


“ Heeringen, BE. Discovery of the True Cause of the Disease Called by the 
People Trembles, or Milksickness, Louisville, 1845. 

» Heusinger, C.F. Recherches de Path. Comp., vol. 1, p. 126, 1855. 

¢ Wood, G. B.. 1... p. 465. 

@ Byford, W. H., lL. ¢., p. 467. 

© De Bruler, J. P., 1. ¢., p. 209. - 

/ Gardner, J. Milk-Sickness. St. Louis Med. and Surg. Jour., vol. 88, p. 290, 
ISSO. 

? Hessler, Ro Preliminary Notes on an Almost Eextinet Native Disease, Trem- 
bles or Milk-Sickness. Proc. Indiana Acad. Sci. for 1905, p. 122. 

t Philips, W. H., 1. ¢, p. 139. 

'’ Schmidt, C. IL. Lo@. p. 412. 

i Wilkinson, G. W., 1. ¢@. p. 15!.—Howard, KE. J. Mukosma. Indiana Jour. 
Med., vol. 2. p. 370, 1ST71.—Borland, 8S. Essay on the Milk Sickness, p. 27, Little 
Rock, 1845.—Drake, D., Loc. p. 218.—Johnson, J. M. Milk-Sickness. Atlanta 
Med. and Surg, Jour., vol. 7. By p. 293, 1866. Compare also Mitchell, J. K.. Five 
essays. 

k Moseley, KE. lL. The Cause of Trembles in Cattle, Sheep, and Horses and of 
Milksickness in People. Ohio Naturalist, vol, 6, pp. 465 and 477, 1906. 
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pound (226.8 grams) of the fresh plant and also some milk extract of 
the plant, more of the plant than the first (a larger cat) received. 
The cat was dull and showed tremors at times after the first feeding, 
but the appetite remained good, and eleven days later trembling could 
still be seen. Eighteen days later the animal was fed on the carcass 
of a rabbit which had died after eating the same plant (see experi- 
ment No. 6). This rabbit had died three days before the feeding of 
the cat began. Some tremors were seen in the cat, but it ate and con- 
tinued active for three days, when it was killed. This experiment is 
open to the objection that nothing was known of the cat previous to 
the feeding, and cats often show slight tremulous movements of the 
cutaneous muscles. Then again, granting that the tremors were due 
to eating the meat, no record is made of having preserved the rabbit 
meat on ice, and decomposition may already have begun, and the mere 
presence of muscular tremors of unknown origin without the other 
clinical symptoms does not indicate the disease known as “ trembles.” 
Experiment No. 3—A cat whose previous history was not given 
was fed on the same carcass given to the cat referred to in experiment 
No. 2, and on that referred to in experiment No. 7, after it had stood 
two days, and the feeding was continued three days; then it was fed 
on a similar rabbit two days after death. This animal showed tre- 
mors and died in twenty days. The temperature of this animal rose 
about 24° F. on the third day before death. The buttocks were re- 
- ported soiled, so evidently it had no marked constipation. Now, con- 
stipation is a symptom which Kimmell, Drake, Chesney, Graff, and 
others had previously noted in animals affected with the “ trembles,” 
and is one of the characteristics of milksickness.«. Post-mortem ex- 
amination showed two ounces of acid fluid in the peritoneal cavity. 
Experiment No, 4.—A cat which was sick before beginning the 
experiment was fed with a milk extract of the plant, but only showed 
light symptoms (diarrhea) and “* was seen to tremble only a few times 
and then under conditions which might probably have produced trem- 
bling without the aid of any poison.” This animal was then fed on 
meat from one of the rabbits used in previous experiments. Moseley 
said that “ the meat seemed to affect him more than the milk.” 
Experiment No. 5—A dog was fed on an aqueous extract of the 
plant mixed with milk and some chopped-up plant mixed in hash and 
showed some trembling and weakness, but Moseley adds * he was not 
so different from usual except in the early morning but what all these 
things might have escaped notice if he had not been watched.” In 
other words, an animal which Graff had shown to be very susceptible 


@Chesney, J. P. Milk Sickness. St. Joseph Med. and Surg. Rep., vol. 1, p. 
99, 1880.—Kimmell, J. A., l. ¢., p. 51.—Drake, D., l. «3; cow, p. 170; horse, p, 
173; dog, p. 174.—Graff, G. B., 1. ¢., p. 360. 
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to the “trembles,” when fed with Hupatorium ageratoides, the sup- 
posed carrier of the disease, showed practically no symptoms. He 
then adds the remarkable report of his assistant: “ While I held the 
dog’s mouth open a friend poured the extract into the dog’s mouth. 
The dog choked and coughed the extract into my face and mouth. 
T was in a room while the mixture was steeping and also on the pre- 
vious evening. At 10.30 I was taken with a fit of cramps and the fol- 
lowing day was nauseous. Several times during the three following 
days I had fits of trembling, always accompanying the extension of 
limb.” In this connection it may be stated that the present writer's 
laboratory assistant and himself squeezed their material by hand, 
handled it, and made their own extracts in a rather close room with- 
out experiencing any such effects. 

Lxeperiment No. 6—In this case 2 ounces (56.7 grams) of the 
snakeroot was placed in the cage with a rabbit. The rabbit died in 
three days. No tremors had been noted. This case can be excluded 
because of the absence of any accurate clinical report or histological 
examination, as rabbits are very apt to die of intercurrent diseases, 
especially coccidiosis. 

Experiment No. 7.—This is of the same type as experiment No. 6, 
and open to the same objection. Moseley merely quotes the report 
of his pupil as to the presence of tremors. 

Experiment No. 8—This experiment consisted in injecting subcu- 
taneously into a rabbit weighing 1,383 grams an aqueous extract of 
3 grams of the plant. This injection was followed by tremors. Three 
days later the animal was fed with 2 to 3 ounces (57.7 to 85 grams) of 
the leaves and branches, and died in one hundred and twenty hours. 
There was no constipation. Moseley says, “ The effects on her actions 
und appearance were not striking and might have escaped notice if I 
had not looked for them.” 

Experiment No. 9.—A rabbit was fed for three days with an aque- 
ous extract of the plant. The only result noted was a “* tremulous mo- 
tion of the sides, with more rapid respiration.” This animal was then 
fed with a milk extract of the plant. No constipation resulted, but the 
same trembling was seen, and save for a slight lessening of strength 
“she has seemed well.” 

Experiment No. 10.—This experiment consisted in feeding a milk 
extract of the plant, but with only slight action. A rabbit was 
reported to tremble after eating 67 grams of the leaves and branches 
of a fresh plant, but survived. 

Experiment No. 11—A young lamb weighing 40 pounds (18.14 
kilos) was fed with the leaves of this plant. The animal showed 
trembling and died in four days, having eaten about 29 ounces (822 
grams). There was no constipation. The kidneys were found to be 
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much enlarged, weighing about twice as much as normal. One can 
form no positive opinion as to the cause of death. The enlarged kid- 
neys, taken in connection with the history of convulsions and fluid 
in the peritoneal cavity, might suggest a nephritis. 

Six ounces (170 grams) of the liver of this animal were fed to 
acat. This cat showed merely a few tremors. A second cat also ate 
6 ounces (170 grams) of the muscles but showed no tremors, and 
a dog after eating 4 ounces (103.4 grams) of the liver showed no symp- 
toms save some dullness, but after feeding on the heart and spleen 
some tremors were noticed. None of these animals died. 

These experiments, taken in the hght of Graff’s work, indicate that 
the sheep had not the disease commonly known as “ trembles.” 

Moseley explains the lack of results in some of his experiments by 
the existence of a hypothetical immunity, but cases of milksickness 
are known not to possess immunity—in fact, one attack rather pre- 
disposes to another, so that it can not be said that Moseley has even 
proved Hupatorium ageratoides to be a poisonous plant, much less the 
cause of “ trembles.” 

RECENT INVESTIGATIONS. 


In the month of August, 1906, a rather serious outbreak of milk- 
sickness, or as it is frequently called in the case of stock ‘ trembles,” 
occurred in the vicinity of Minooka, IIL, resulting in the death of 
about 50 head of cattle. The office of Poisonous-Plant Investiga- 
tions was asked to undertake an investigation into the cause of the 
trouble. In view of the fact that only plants as popularly understood 
are the subject of investigation by this office, only plants were studied. 
The widespread and popular belief that the eating of the white snake- 
root (Lupatorium ageratoides), illustrated in Plate I, is the cause of 
the trouble seemed to direct the principal efforts of the investigations 
toward that common plant. It was found in considerable quantities 
in pastures in which the animals were supposed to have contracted the 
disease, and in a number of patches the plants had been browsed, 
presumably by the stock. Material from these patches, both dried 
and in chloroform water, was preserved for study. 


EFFECT OF WHITE SNAKEROOT ON RABBITS. 
EXTRACTS FROM DRY PLANT. 


To prepare the material for use, 200 grams of the dry herb. were 
extracted with cold water and the extract evaporated to the desired 
concentration in vacuo at about 55° C. When such an extract was fed 
to a rabbit weighing 4 pounds 2 ounces (1,871 grams) no symptoms 
were noted, either immediately or on the following day. Two days 
after the first dose a like quantity was again administered and no 
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symptoms appeared, the rabbit weighing 4 pounds 5 ounces (1,956 
grams). After receiving three further doses, representing 200 grams 
each, in a period of five days the animal showed no symptoms of 
“trembles ” or of suffering of any sort, the weight increasing under 
this treatment to 4 pounds 8 ounces (2,041 grams). The animal which 
had received this treatment gave normal delivery to young and made 
a rapid recovery, the young appearing abnormal in no respect. Thus, 
although the rabbit received the equivalent of 1,000 grams of the 
plant in a week, no symptoms of milksickness appeared and the 
animal steadily gained in weight. 

After a rabbit weighing 4 pounds (1,814.3 grams) was injected 
subcutaneously in the back with an extract of 20 grams of the dried 
plant muscular tremors were felt in the limbs and in the masseter 
muscles, but recovery followed. 

When a quantity of the same extract representing 40 grams was 
injected into a rabbit weighing 4 pounds 1 ounce (1,842.7 grams) 
no results followed, but an extract of 60 grams of the dried plant 
proved fatal in about twelve hours, the animal showing distinct 
tremors. 

Following the injection of an aqueous extract representing 5 grams 
of the dried plant into a rabbit weighing 3 pounds 8 ounces (1,587.5 
grams) there were no tremors and the rabbit was apparently normal, 
though the temperature rose 2.2 degrees F. in two hours and twenty- 
five minutes after the injection. 

_A rabbit weighing 3 pounds 12 ounces (1,700.8 grams) was in- 
jected subcutaneously with a concentrated extract representing 10 
grams of dried Eupatorium and no tremors resulted, but in the two 
and one-half hours following the injection a fall of one-half a degree 
in the temperature was noted. Death followed during the night. 

On increasing the quantity of extract until it represented 20 grams 
of the dried plant and injecting this subcutaneously, shght tremors 
were felt on careful examination by the hand over the hips after 
almost an hour and a half. An hour and forty minutes later no 
tremors were felt and the rabbit seemed normal. The temperature 
two and one-fourth hours after injection fell 2 degrees F. Death 
ensued during the night. 

These animals had been kept under observation for two weeks pre- 
ceding the experiment and had shown nothing abnormal. 


EXTRACTS FROM FRESH PLANTS PRESERVED IN CHLOROFORM, 


To prepare extracts from material preserved in chloroform the fresh 
plant was placed in a container and covered with water containing 
enough chloroform to prevent fermentation. When wanted for use 
the liquid was pressed out of the plant and concentrated in vacuo to the 
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proper degree. An extract representing 109 grams of the dried plant 
weighed after extraction (perhaps about 400 grams of the fresh 
plant) was given by mouth to a rabbit weighing 3 pounds 5 ounces 
(1,502.5 grams), but no symptoms were observed. 

After a similar extract representing 127 grams of dry residue had 
been injected subcutaneously into the back of the same rabbit dis- 
tinct tremors were shown in the hips. and masseter muscles. Death 
followed during the night. No enlargement of the kidneys was seen. 


EXTRACTS FROM ASH. 


The method of preparation of extracts from ash was as follows: 
Ten grams of the dry herb were ashed in a platinum bowl and the ash 
washed into a porcelain bowl and carefully treated with acetic acid 
to decompose the carbonates, then evaporated to dryness and treated 
with water. The free acid was removed by repeated evaporation. The 
residue was treated with water, but not all dissolved, perhaps owing to 
the formation of basic salts. An emulsion consisting of the solution 
with the undissolved portion when injected subcutaneously produced 
marked tremors in the hips in rabbits after an hour and a quarter, 
and later in the masseter muscles. A marked acceleration of the 
respiration was also observed. After one and three-fourths hours the 
masseter muscles still twitched, but after two and one-fourth hours 
slight, if any, tremors were seen. No tremors were noted on the fol- 
lowing day. 

In ashing plants a large portion of the calcium-barium group will 
unite with the oxidized sulphur, forming insoluble sulphates, and 
thus be rendered inactive physiologically. Thus, trembling resulted 
from the injection of less of the inorganic salts than corresponds to 
10 grams of the dry plant. This muscular twitching is well known 
to result from the hypodermic injection of certain salts (sodium, 
etc.), but not after administration by mouth. 

An injection of a similar extract from 20 grams of the plant also 
produced the same result. 


EFFECT OF WHITE SNAKEROOT ON CATS. 


After an extract prepared from chloroform-preserved material 
corresponding to 50 grams of the dry plant residue was fed to a cat 
weighing 1 pound 8 ounces (680.3 grams), emesis followed in about 
fifteen minutes. When an aqueous extract corresponding to a dry 
plant residue of 39 grams was evaporated to 32 ¢. c. and 7 ¢. ¢. of this 
extract were fed twenty minutes after the emesis referred to and 11 
c. c. were given thirty-five minutes later, urination and defecation fol- 
lowed promptly with renewed emesis in about ten minutes. Thirty 
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minutes after the administration of the last dose of extract 14 ¢. ¢. 
more were fed, emesis again resulting in about eight minutes, followed 
about fifteen minutes later by further efforts toward elimination by 
the intestines. Since in both dogs and cats emesis is especially easy, 
no especial significance is to be attached to that phase of the results, 
No tremors resulted and the appetite remained as usual. 

In order to reduce the lability to emesis which may follow the 
administration of large doses, smaller quantities of the extract were 
given. If 7c. c. of an extract concentrated to 32 ¢. c., representing a 
dried plant residue of 39 grams, were fed, no emesis followed for three 
hours. On taking a further dose of 8 c. c. the animal vomited within 
ten minutes. However, five minutes after this, slight movements of 
the skin could be seen, but these were apparently only such cutaneous 
movements as are commonly observed in cats. After 6c. c. more were 
fed emesis soon followed. The same result followed the feeding of 11 
ce. c. after a period of about fifty minutes. 

During the course of feeding with Eupatorium extracts as above 
indicated, the cat gained an ounce in weight in a week, showing nor- 
mal appetite and evacuations. After four days more the weight 
increased about 5$ ounces (155.8 grams). 

After a further interval of two weeks without treatment, when a 
concentrated extract representing 35 grams of plant was fed, no 
tremors or other abnormal symptoms were to be noted, although the 
animal was kept under careful observation. When, on the day fol- 
lowing, an extract representing 65 grams was given no symptoms 
whatever followed other than evidence of a somewhat laxative action, 
and the cat continued to increase in weight. This animal gained 219 
grams during the month it was kept under observation. 


EFFECT OF WHITE SNAKEROOT ON DOGS. 


An extract of Eupatorium representing 23 grams of the dried 
plant preserved in chloroform when fed to a dog kept under careful 
observation produced no symptoms, and the appetite remained nor- 
mal; temperature before feeding, 100.6° F. When, twelve days later, 
a concentrated aqueous extract representing 200 grams of dried plant 
was given to the same dog, weighing 14 pounds 12 ounces (6,690.4 
grams), having a temperature before feeding of 101° F., no symp- 
toms resulted, the temperature after one and one-half hours register- 
ing 102° F. No symptoms appeared during observation for three 
more days, the weight increasing to 15 jounds 5f ounces (6,959.8 
grams). Eleven days later the weight increased to 16 pounds 15 
ounces (7,682.7 grams). The animal was very playful throughout 
the investigation. 
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A lamb weighing about 25 kilos when fed 58 grams of the fresh 
plant showed merely some diarrheal symptoms. 


EFFECT OF WHITE SNAKEROOT ON MAN. 


The writer became so convinced of the harmlessness of the plant 
that he decided to take the plant extract himself. Four hundred 
grams of the fresh Hupatorium ageratoides were collected at Land- 
over, Md., under the supervision of Prof. C. F. Wheeler, one of the 
botanists of the Department of Agriculture, and extracted carefully 
with water, chloroform being used as a preservative. This extract 
was evaporated in vacuo and made up to 154 ce. c. At 11.10 a.m, 
September 30, 1907, 14 c. c. of this extract were taken. Seventy-four 
ce. c. in all were taken by 1.45 p. m., without any special symptoms. 
The taste of the extract was exceedingly disagreeable. By 4.15 p. m. 
all but 40 c. c. had been taken; that is, an extract of over 300 grams. 
No untoward symptoms characteristic of milksickness were noted the 
following day; in fact, the writer never felt better. 

To simulate the conditions which occur in herbivora, 100 grams of 
the dried plant from Illinois were digested with pepsin and pan- 
creatin and the concentrated products taken by the writer in the 
period of one hour without the production of any serious symptoms. 


SUMMARY. 


To sum up, it certainly can not be said that it has been proved that 
milksickness is due to any constituent of Hupatorium ageratoides. 
The transmission of the disease by eating small quantities of meat or 
milk of animals sick with the “trembles” and the fact that cooked 
meat or boiled milk * does not produce this disorder point primarily 
rather to a parasitic origin, while the fact that Lwpatorium agera- 
toides” is abundant in areas where the disease is not known and ab- 
sent in some milksick areas ° also indicates that the plant has no re- 
lation to the disease. If it does, it would be only an accidental carrier 
of some pathogenic organism.’ According to reports, the same flora 
may be in the areas in which * trembles ” occur as in those free from 
it, and milksickness is also said to occur where no vegetation grows 
(inclosed pens).° The disease also has disappeared from an area 


aSmith, C. H. Milk Sickness. Boston Med. and Surg. Jour., vol. 77, p. 471, 
1867-G8.—Wood, G. B. Practice of Medicine, vol. 1, p. 465, 185s. 

Notre.—Some toxins from infected meat are not injured by boiling. 

>’ Wilkinson, G. W., 1. ¢., p. 153.—Graff, G. B., 1. ¢., p. 361. 

¢ Brewington, W. J. Milksickness. The Clinic, Cincinnati, vol. 10, p. 77, 1876. 

¢ Walker, J. W., 1. ¢., p. 483. 

Wilkinson, G. W., 1. cp. 158. 
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after simply clearing the woodland where it occurred and turning it 
into pasture. Again, severe epidemics have occurred in winter when 
the foliage has disappeared, which would tend to exclude the higher, 
non-evergreen plants as the cause of this disorder. In fact, all the 
evidence in hand is against the causation of this disease by such plants, 
and certain analogies with cases of botulismus suggest a somewhat 
similar cause. If there is any truth in the statement that cattle ex- 
posed in pasture to night air especially contract the disease, this fact 
might suggest the more or less direct connection of some night organ- 
ism as a carrier of the parasite, and certain parasites are supposed to 
be associated with certain localities. 
Very little is known chemically of H'wpatorium ageratoides. 


@ Heeringen, E., |. c., p. 9. 

Nores.—A full bibliography can be found in Schuchardt, B., Die Milch- 
krankh. d. Nord Amerikaner, Janus, vol. 2, pp. 487, 525, 1897-98. 

The most interesting experimental paper is that of Graff, while that of 
Drake is valuable for its fund of personal experiences as told by the settlers, 
and that of Schuchardt is the best literary handling of the question. 

Bupatorium perfoliatwm, a closely allied plant, has received some chemical 
attention, and a nonnitrogenous body, eupatorin, has been obtained. While the 
author states it will kill mice on subcutaneous injection, he fails to give the 
dose, and nothing can be drawn from this report as to its physiological activity. 

Shamel, C. H. Eupatorin: The Active Principle of Hupatorium Perfoliatum. 
Am. Chem. Jour., vol. 14, p. 224, 1892. 

Latin, G. Eupatorium Perfoliatum. Pharm. Jour. and Trans., 3 s., vol. 11, 
p. 192, 1881, 
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MOUNTAIN LAUREL, A POISONOUS PLANT." 


By ALBert C. CRAwrorD, Pharmacologist, Poisonous-Plant Investigations. 


HISTORICAL INTRODUCTION. 


Many members of the Ericacez, or heath family, contaim principles 
_which are injurious to man and to animals. Of these the members 
of the genus Kalmia especially interest us on account of their wide 
distribution in the United States and from the fact that many cases 
of poisoning in animals have been attributed to them. This genus is 
American in origin, but is found mainly in the Eastern States. The 
members of this group received their generic name in honor of Peter 
Kalm, but their popular name, laurel, was given on account of the 
resemblance of their leaves to those of the English laurel tree, a 
member of an entirely different family.” On account of the beauty 
and perfection of their flowers they were once proposed as a national 
emblem.° 

Of these, mountain laurel (Aalmia latifolia), shown in Plate IT, is 
probably the most important. North of Maryland it is usually 
known as mountain laurel, while south of Maryland it is sometimes 
known as ivy.? It has also received many other names, as calico 
bush,¢ laurel,f sheep laurel, mountain ivy’ wintergreen, great laurel,” 


@The mountain laurel, Kalmia latifolia L., has long been recognized by many 
people as one of our. most deadly shrubs. It is a poison fatal to live stock, es- 
pecially to sheep and goats, which seem more likely than cattle and horses to 
browse on it. The Bureau of Plant Industry is in receipt of letters inquiring 
into the facts concerning its action and the methods of treating poisoned stock. 

Dr. Albert C. Crawford, Pharmacologist, under the direction of Dr. Rodney 
H. True, Physiologist in Charge of the Poisonous-Plant Investigations of this 
Bureau, has given the matter laboratory study with the results here briefly 
stated.—B. T. GaLttoway, Chief of Bureau. 

bKalm, P. Travels into North America, 2d ed., vol. 1, p. 2638, London, 1772. 

¢ Bailey, L. H. Cyclopedia of American Horticulture, 4th ed., vol. 3, p. 854, 
1906 

4 Gronovius, J. F. Flora Virgin., pt. 2, p. 160, 1748. 

€Coulter, S. Catalogue of Flowering Plants * * * Indigenous to In- 
diana. Dept. Geol. and Nat. Resources of Indiana, 24th Ann. Rept., 1899, p. 
607. 

f Gronovius, J. F., 1. ¢., p. 160. 

9Smith, J. E. Natural History of the Rarer Lepidopterous Insects of 
Georgia, vol. 1, pl. 73, 1797. 

hCutler, M. Account of Some of the Vegetable Productions Naturally 
Growing in This Part of America. Amer. Acad. Arts and Sci. Mem., vol. 1, p. 
442, 1785. 
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American laurel,t wicky, rose laurel, ete. The Pennsylvania moun- 
tain laurel” (Rhododendron maximum) is a closely allied species, 
while in California the name mountain laurel is apphed to Oveo- 
daphne californica, a member of the family of Lauracee. 

Mountain laurel usually occurs as a shrub, growing from 5 to 15 
feet high, but in the Blue Ridge Mountains of North Carolina it has 
been seen reaching to a height of 25 or 30 feet.? 

The species extends from New Brunswick and Canada to Florida, 
and through the Gulf States to Louisiana and Arkansas, but is espe- 
cially abundant through the Eastern States along the Allegheny 
Mountains, where it forms dense, impenetrable thickets.° In spite 
of the name “ mountain laurel” it grows on hills and banks in the 
lowlands, but especially along the courses of streams. . The leaves 
are of a tough, leathery consistency and are evergreen. The flowers, 
which are nearly destitute of odor, have a peculiar arrangement of 
their stamens, which bend over with their brown anthers projecting 
into pockets in the corolla,’ so that when this flower is visited by a 
bee they fly back, scattering the pollen over its own stigma, and also 
over the insect, which then carries it to other flowers, securing cross 
pollination. The flowers have a waxhke appearance and vary from 
a white to a rose color. The wood of the mountain laurel is close 
grained and hard and is a substitute for boxwood, and it may be used 
for making handles of small tools, etc.’ The powder covering the 
leaves has been used as a snuff.” The laurel leaves have been utilized 
ever since the time of the colonists as one of the evergreens for 
Christmas decorations.’ 


¢ Coulter, S., 1. c., p. 607. 

b Marshall, H. Arbust. Amer., p. 127, 1785. 

¢ Reports of Explorations and Surveys * * for a Railroad from the Mis- 
sissippi River to the Pacific Ocean, 1853-54. Senate Doc., 2d Sess., 38d Cong., 
wells WS} Teta 4h os dies Wetaley 

dAaron, C. H. Our Common Poisonous Plants. Cram’s Magazine, 1900, vol. 2, 
TU TO 

€ Sargent, C. S. Report on the Forests of North America, 10th Census, p. 98, 
1884. 

f The details as to the historical structure of this plant will be found in the 
following works: 

Paschkis, H. Contributions to a Closer Knowledge of Some Little-Known 
Leaves. Pharm. Jour. and Trans., 3d ser., vol. 12, p. 86, 1881-82. Also Zeits. 
d. allg. oest. Apoth.-vereines, vol. 18, p. 484, 1880. 

Breitfeld, A. Der anatom. Bau d. Blatter der Rhododendroidez in Bezie- 
hung zu ihrer systematischen Gruppirung und zur geographischen Verbreitung. 
Botan. Jahrb., vol. 9, p. 319, 1887-88. ‘ 

Vesque, Julien. Caracteéres des Principales Familles Gamopétales Tirés de 
VYAnatomie de la Feuille. Ann. des Sci. Naturel. Botan., 7th ser., vol. 1, p. 240, 
1885. 

Solereder, Hans. System. Anatom. d. Dicotyledonen, 1899, p. 541-551. 

9 Hmerson, G. B. Trees and Shrubs of Massachusetts, vol. 2, p. 445, 1875. 

h Browne, D. J. Trees of America, p. 364. 

4 Kalm, P., 1. c, p. 264. 
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FLOWERING BRANCH OF MOUNTAIN LAUREL (KALMIA LATIFOLIA, L.). 
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Notices of this plant occur in the early botanies* and books of 
American travel. Capt. John Smith describes, in his Generall His- 
torie of Virginia, 1624, volume I, page 10, a “ Kinde of tree like 
Lowrell,” while Hudson in 1609 mentions “ rose trees” as occurring 
on Cape Cod. Catesby describes it under the name Chamaedaphne 
foliis tini, floribus bullatis umbellatis, and says distinctly that “ When 
cattle and sheep, by severe winters deprived of better food, feed on 
the leaves of these plants, a great many of them die annually.” ’ The 
Delaware Indians are said to have used a decoction of these leaves for 
suicidal purposes.° 

Public attention was especially called to this plant by Peter Kalm, 
the Swedish botanist, after whom Linnzus named the genus Kalmia. 
He described it under the name “ spoon tree,” because the Indians at- 
that time made spoons of this wood. During his travels in America 
in 1748 he noted that calves which had eaten of the leaves became 
“sick, swelled, foamed at the mouth, and could hardly stand,” and 
reported from the observations of the colonists that sheep, especially 
young ones, died very quickly after eating of these leaves, and that 
horses, oxen, and cows were made sick but seldom died, as these ani- 
mals ate only small quantities of the leaves. Deer and partridges 
were said to feed on the leaves with impunity, and the venison from 
these deer was harmless to man.? A snake was said to have been 

killed by dropping a tincture of this plant on its back.¢ 
© John Bartram, an early American botanist, was an ardent lover 
of, and writer on, mountain laurel, and by him it was brought to 
Collinson’s attention, who then introduced it into England about 
1734.’ It would seem more appropriate to have named the genus 
after him as his work antedated that of Kalm. During General 


*Van der Donck, A. Vertoogh van Nieu Nederland, 1650. Translated by 
H. C. Murphy, 1854, p. 19.—Plukenet, L. Almagest. botan., 1769, p. 106; Alma- 
gest. botan. Mantissa, 1769, p. 49.—Gronovius, J. F., 1. ¢, p. 160.—Linneeus, C. 
Spec. Plant., Ed. Willdenow, vol. 2, p. 600, 1799. Spec. Plant., vol. 1, p. 393, 1753. 
Ameen. Acad., vol. 3, p. 13, 1764.—Trew, C. J. Plants Selects, 1750, pl. 38. 
Ray, J. Hist. Plant., vol. 2, p. 1927, London, 1688. -[Bannister’s list of 
1680.|—Hudson, H. Discourse. Collections of the New York Historical Soci- 
ety for the Year 1809, vol. 1, p. 121. 

’Catesby, M. Natural History of Carolina, vol. 2, p. 98, 1743. 

© Barton, B.S. Some Account of the Poisonous and Injurious Honey of North 
America. Amer. Phil. Soc. Trans., 1802, vol. 5, p. 61. 

4Kalm, P., 1. ¢., pp. 264-265. 

* Barton, B. 8. Collections for an Essay towards a Materia Medica of the 
United States, pt. 2, p. 27, 1804. 

fAiton, W. Hortus Kewensis, vol. 2, p. 64, 1789.—Catesby, M., ]l. ¢@, p. 98. 

9 Darlington, W. Memorials of John Bartram and Humphry Marshall, pp. 
130, 141, 228, ete., Philadelphia, 1849.—Bartram, John. Observations, London, 
1751, pp. 26 and 69. 
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3raddock’s campaign against the French and Indians in 1755 many 
horses“ were lost from eating mountain laurel. The plant was intro- 
duced into France by Michaux.” In 1802 George G. Thomas ° per- 
formed some experiments with Avalinéa latifolia and LY. angustifolia 
on himself, on a friend, and on some dogs. These experiments he 
embodied in an inaugural dissertation which was presented to the Uni- 
versity of Pennsylvania. Six to 15 grains (0.4 to 1.0 gram) of the 
dried leaves produced distinctly unpleasant symptoms—rapid pulse, a 
feeling of fullness with pain in the head, throbbing of the temples, 
with nausea, vomiting, and dilatation of the pupils. In dogs the 
administration of a decoction of 30 grains (2 grams) was followed 
by marked salivation, with stupor, rapid respiration and purgation, 


paralysis, and finally convulsions. ‘Thomas made the interesting ob- 
servation that if the laurel was mixed with lard the toxic symptoms 
were much lessened. He examined the distillate from the leaves for 
an essential oil, but failed to find any. 

After Thomas, several experimenters reported on the action of 
mountain laurel upon themselves. Bigelow.’ who saw the dried 
leaves taken in doses up to 20 grains without producing symptoms, 
questioned if the leaves had a specific action, and traced any injurious 
effect they might exert to their indigestibility. Others, as Osgood,’ 
Stabler,’ and an anonymous author in the Boston Medical and 
Surgical Journal, volume 10, page 213, reported severe symptoms on 
themselves. 

This action was compared with that of Veratrum.’ From this 
time on few reports of experiments were published, yet the number 
of cases of poisoning in stock reported to the Department of Agri- 
culture induced the Commissioner to call attention to this subject in 
his report of 1863.4 Sheep are the animals usually reported as 
affected by the plant. Under ordinary conditions, however, eastern- 
bred sheep will not eat the plant unless they are starved or their 
supply of green or attractive food has been cut off. 

As is well known, most of the cases of poisoning occur in winter,’ 
when the laurel is the only green plant around, although western-bred 


Barton, Bo. 13 ¢. 0.160; 

» Browne, D. J. Trees of America, p. 364. 

¢Thomas, G. G. Inaugural Dissertation on the Kalmina Latifolia and Angus- 
tifolia, Philadelphia, 1S0v. 

¢ Bigelow, J. Amer. Med. Bot., vol. 1, p. 140, 1817. 

€ Bigelow, J., 1. ¢., vol. 8, p. 185, 1820. 

/ Stabler, R. H. On Kaimia Latifolia, Amer. Jour. Pharm., n. s., vol. 10, p. 
241, 1845. 

9 Medical Properties of the Nalmia Latifolia. Boston Med. and Surg. Jour., 
vol. 10, p. 213, 1834. 

h Report of the Commissioner of Agriculture for 18638, p. 242. 

i Remarkable Instance of the Absence of Animal Instinct. Penny Magazine, 
vol, 7, p. 288, 18388. 
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sheep if suddenly turned into a laurel area may eat it at any time. 
As the leaves are tasteless and of a tough, leathery consistency, it is 
very evident why animals will not eat the plant under ordinary con- 
ditions. 

A good illustration of actual poisoning is given by Rusby * where 
out of a flock of 1,000 sheep which escaped into a laurel area, at least 
27 showed symptoms of poisoning. Those affected were mainly the 
young ones. In these cases the tracks on the snow around the bushes 
and the presence of leaves in the stomach showed conclusively the 
cause of the trouble. Halsted” reported poisoning in cows after 
eating laurel wreaths which had been thrown from a cemetery into 
their pasture. A striking case occurred in the National Zoological 
Park, Washington, D. C., where six Angora goats were poisoned by 
laurel thrown to them by visitors; later, a Diana monkey died with 
typical symptoms after eating the leaves held to it by a visitor. ‘The 
leaves of the plant were found in the monkey’s stomach. The post- 
mortem examination in this case was negative. Since these poison- 
ings occurred visitors have been prohibited from carrying laurel into 
the park. 

Barton in 1802 ¢ called attention to the fact that the honey made 
from Kalmia angustifolia was poisonous to man, and while no direct 
proof? has been published that honey made from A’. latifolia is 
poisonous it is perfectly logical to suppose that it is, as Plugge found 
that honey made from’ Rhododendron ponticum,’ a closely related 
plant, gave the same chemical and physiological tests on frogs and 
mice whieh he considers characteristic of its active principle, androme- 
dotoxin. Rhododendron ponticum is the plant which is supposed to 
have yielded the honey which poisoned Xenophon’s / army. 

Under these circumstances the Secretary 6f Agriculture advised 
against raising bees in the neighborhood of mountain laurel. An 
unpublished report is on file at this office of investigations in which 
extracts of mountain laurel were mixed with honey and fed to bees. 


wReby, Ei EL, The Poisonous Properties of Mountain Laurel. Drug. Cir. 
and Chem. Gaz., vol. 46, p. 27, 1902. 

b Halsted, B. D. Eighth Annual Report of the New Jersey Agricultural 
College Experiment Station for 1895, p. 855, 1896. 

¢ Barton, B. S. Some Account of the eee and Injurious Honey of 
North America. Amer. Phil. Soc. Trans., 1802, vol. 5, p. 59. 

4 American Bee Journal, 1896, pp. 92, 146, 246, thee pt A. I. A BC of Bee 
Culture, p. 249.—Honey from Mountain Laurel. American Bee Journal, vol. 
35, p.° 825, 1895. 

€Plugge, P. C. Giftiger Honig von Rhododendron ponticum. Arch. d. Pharm., 
vol. 229, p. 554, 1891.—Thresh, J. C. Notes on Trebizonde Honey. Pharm. 
Jour. and Trans., 1SS7-SS8, vol. 18, pp. 897, 404. 

/Pliny. Nat. Hist. (Translated by Bostock and Riley), vol. 4, p. 341. Ab- 
bott, K. E. Letter, in Proc, Zoolog. Soc. London, pt. 2, p. 50, 1834. 
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The name of the investigator can not now be ascertained. These bees 
are said to have shown no symptoms, but the honey they made pro- 
duced typical symptoms in two persons who ate it. It has been 
claimed that the flesh of birds after eating laurel is poisonous. to 
man,” but Wilson,’ Audubon,? and Aaron state that they have fre- 
quently eaten without-injury partridges whose craws were filled with 
laurel leaves and buds. It is probable that many of these cases of 
poisoning were really due to ptomaines, as they usually occurred 
from undrawn animals. 

There are few cases in man of poisoning with laurel. Children are 
said to have been poisoned by eating the plant in mistake for Gau- 
theria procumbens, although there are no published cases to that 
effect. Laurel is claimed to be used in certain liquors to render them 
more intoxicating.’ Barton” noted that the flowers of A’almia lati- 
folia would produce a vesicular eruption in certain persons. 


EFFECT OF MOUNTAIN LAUREL ON SHEEP. 


Stable-fed sheep and lambs were turned into an inclosed area in 
which the mountain laurel was the only green plant. These sheep, 
which were kept under observation for several hours, refused to do 
more than merely nibble at the leaves, and when placed in grassy areas 
where this plant was growing they positively refused to touch it. 
These observations agree with those of Wood‘ on Aalmia anqusti- 
folia. Other animals besides sheep seem disinclined to eat it. Kalm 
reported in 1754 that the leaves of the trees in Pennsylvania were de- 
voured by a worm, but that the mountain laurel leaves were un- 
touched./ | 

Sheep weighing about 50 pounds (25 kilos) were fed with doses 
of 5, 10, 15, 25, and 35 grams of the dried ground-up leaves in- 
closed in gelatine capsules without producing poisonous symptoms. 
Fifty grams, when given to a sheep weighing 33.5 kilos, induced a 
staggering gait and slight salivation, but doses of 85 grams would 
cause death in a very few hours unless diarrhea set in. Under these 


“Unpublished answer to inquiry. See note on page 35. 

> Barton, B. S., 1. ¢., p. 60.—Elliot, D. G. “ Game Birds” of the United States. 
Report of the Commissioner of Agriculture for 1864, pp. 363, 364, 1865. 

¢ Wilson, A., and Bonaparte, C. L. Amer. Ornithology, vol. 2, p. 319, Edin- 
burgh, 1831. 

4 \udubon, J. J. Birds of America, vol. 5, p. 79, 1871. 

© Aaron, C. E. Cram’s Magazine, vol. 2, p. 502, 1900. 

f Unpublished correspondence. (G. Watkins, 1896.) 

9 Chesnut, V. K. Principal Poisonous Plants of United States. U. S. Dept. 
Agr., Div. Bot. Bul. 20, p. 45. 

"Barton, B. S. Collections for an Essay Towards a Materia Medica of the 
United States, p. 35, 1804. 

‘’ Wood, T. F. Is Sheep Laurel Poisonous to Sheep? American Agricul- 
turist, vol. 42, p. 66, 1888. 

I Walm,4es,. bes vole ds ip. 266. 
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conditions sheep have survived this dose. In starved animals no 
doubt smaller doses would be poisonous. , 

_ One experiment was with a sheep about 7 years old; weight about 
29.5 kilos. On June 1, 1905, at 11:05 a. m., the temperature* was 
104.5° F., respiration 60, pulse 90 per minute. A slight secretion from 
the nostrils was present owing to a coryza: pupils about one-fourth of 
an inch wide: the conjunctiv “all buccal, and mucous membranes nor- 
mal. Eighty-five grams of powdered dried laurel leaves in sealed 
gelatine capsules were given. The feeding lasted twenty-five 
‘minutes. 

Following the administration of the capsules little inclination to 
eat was manifested, urination and slight defecation taking place dur- 
ing the first hour. At 1 p. m., respiration was 110 per minute, pulse 
117, temperature 104° F. Marked disinclination to move was shown, 
the sheep permitting itself to be easily turned on its side. It ate only 
sparingly. Two hours after taking the laurel leaves urination was 
repeated and slight emesis set in, followed soon by mental dull- 
ness, as shown by decreased attention to surrounding objects, with 
a loss of alertness, while the face took on a sleepy appearance and 
saliva began to accumulate about the mouth. Respiration was some- 
what labored and the unsteadiness in gait became marked. Two and 
three-fourths hours after eating the laurel the sheep assumed an 
awkward attitude in standing, the hind legs being set wide apart. 
Repeated emesis became a prominent feature and continued for about 
an hour, the ejecta being thin and mustard-like. Apparently to facil- 
itate breathing, the mouth was kept open most of the time. Weakness 
and unsteadiness increased until three and one-fourth hours after eat- 
ing the laurel. At this time it was difficult for the animal to stand. 

At 2:46 p. m. the temperature was 107° F., respiration 50 per min- 
ute, pulse 124. The pupils were of the same size as before the feeding. 
The abundant nasal secretion at this time became a very marked 
symptom, and continued so throughout the history of the case. 
Weakness increased until the animal could not stand, and a dimin- 
ished sensitiveness to skin irritation was noted. Death ensued 
quickly at 3:06 p.m. No convulsions were noted at any time. 

The post-mortem examination was made at once. The sheep ap- 
peared to be well nourished. Some mustard-colored ejecta were 
found in the trachea as well as in the bronchioles. The lungs crepi- 
tated markedly, but showed no special amount of fluid. The pleural 
cavity contained no increased amount of fluid. The mucous mem- 
branes were not discolored. The heart contained no clots, was not 
dilated, and contained only a little dark blood. The stomach was full 
of food and its walls showed no signs of irritation. The intestines 


“In all cases the temperature was taken by the rectum. 
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were apparently congested, but showed no hemorrhages. The small 
intestines were more or less filled with thin normal-looking contents. 
The kidneys appeared normal, the bile was of a dark-green color, and 
the bladder was contracted and empty. The central nervous system 
was not examined. 

The bile from this sheep, which amounted to about 20 c. ¢@, was 
treated with alcohol, and after evaporating off the alcohol in vacuo 
Was precipitated with lead acetate. The filtrate when freed from 
lead by HiJS and injected into guinea pigs produced absolutely no 
symptoms characteristic of laurel poisoning. 

On May 22, 1905, one of the yearlings previously used, weighing 
24.5 kilos (49 pounds), was fed with 90 grams of powdered dried 
laurel leaves in sealed gelatine capsules, the feeding beginning at 
11:15 a.m. and taking about fifteen minutes. Before feeding, the 
pulse was 135, respiration 50 per minute, rectal temperature 103.9° F. 
After forty-five minutes an increased secretion of saliva became eyi- 
dent about the mouth and the sheep nibbled slightly at the grass. At 
1:15 p.m. the temperature was 105° F., the head was held low, respi- 
ration was somewhat labored, and saliva ran profusely from the 
mouth; pulse 104, respiration irregular, 144 per minute, pupils un- 
changed. Two and a quarter hours after feeding, the animal became 
less active, the ears were held back, and the general aspect was that 
of a sheep half asleep. Respiratory and salivary symptoms contin- 
ued, the animal standing with the hind legs wide apart and showing 
evidence of weakness in the hind quarters by a staggering gait. 

Four hours after feeding, profuse nasal secretion became a con- 
spicuous feature and weakness increased to such a degree that the 
subject was unable to stand; respiration 120, temperature 104° F. 
The nostrils were moist; pupils normal. Convulsions soon appeared, 
with sensitiveness to touch persisting in the conjunctiva; knee jerks 
active, pupils a trifle dilated. Ten minutes later emesis followed. 
Respiration was apparently increasingly difficult. The hind legs 
seemed stiff. At 3:50 p.m. the pulse was 104 per minute, temperature 
103.8° If., with continued attempts at emesis and repeated tossing of 
the head from side to side; pupils normal. Death ensued at 9:30 p. m. 

No discoloration of the mucous membranes was noted, and con- 
stipation prevailed during the period of observation. At no time was 
a marked thirst shown. The post-mortem examination made the fol- 
lowing day showed the trachea injected and very moist and two or 
three teaspoontuls of pure serum in the pleural cavity. The lungs 
were oedematous. The auricles were relaxed and filled with black 
clots: the left ventricle contained very little black blood. while the 
right ventricle contained very much more. The abdomen was dis- 
tended with gas. The stomach was partially filled with food; the 
second and third stomach walls showed no special lesions, but 
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the intestines throughout showed marked hemorrhagic enteritis. 
The small intestines contained very little solid matter, but there was 
some well-formed fecal matter in the cecum. The liver was perhaps 
a trifle pale and the kidneys were slightly injected. The spleen 
showed no macroscopic change. In none of these cases was it pos- 
sible to secure the urine for examination, as the bladder was found 
empty. 

On October 14, 1905, a five-year-old (7) sheep, having a tempera- 
ture of 101.8°F., at 1:20 p. m. was given 90 grams of fresh laurel leaves 
ground up and mixed with meal. The ration was practically all 
eaten at 3:20 p.m., when the‘temperature stood at 104° F. At 6 o'clock 
on the next morning a failure of appetite, together with slobber- 
ing, was noted. Numerous soft stools were found in the pen during 
the day. At 10:12 a. m. increased salivary secretion produced a frothy 
appearance about the mouth and the sheep held its head low. At 2:15 
p- m. slight emesis and marked secretion of nasal mucus occurred ac- 
companied by a temperature of 103.5° F. Twenty-five hours later 
the slobbering had ceased, but the appetite had not returned and 
the temperature stood at 102.9° F. Twenty-two hours later 
(1:45 p. m., October 17) the temperature was 103.5° F. and the ani- 
mal seemed normal. The presence in the pen of numerous soft stools 
was noted. The sheep recovered. 


EFFECT OF MOUNTAIN LAUREL ON RABBITS. 


On February 6, 1905, a rabbit weighing 2,096 grams received: 
hypodermically one drop of aqueous extract of laurel (1 gram of 
dried leaves in 3.75 c. c. of water). Further administrations were 
made as follows: February 13, 2 drops; February 21, 3 drops: Feb- 
ruary 25, 4 drops; February 28, 6 drops; March 3, 9 drops; March 
7,12 drops; March 10, 14 drops; March 22, 20 drops. On the last 
date evidence of laurel action appeared and a slight loss of appetite 
was noted. On March 30, 25 drops were administered as before, fol- 
lowed on April 5 by 30 drops. At this time the animal weighed 
1,828.5 grams. At 9:49 a. m. the temperature was 100.9° F., the ad- 
ministration of the extract following three minutes later. The 
resulting events were as follows: 10:05 a. m., mouth moist; 10:50 
a. m., convulsions; 11:15 a. m., could not stand; 11:55 a. m., could 
sit up in usual posture; 1:54 p. m., appeared normal. At 3:50 p. m. 
the temperature was 103.3° F. The animal lived about a year after 
the close of this investigation. 

A rabbit weighing 1,559 grams, which had not received any pre- 
vious injections, was given hypodermically at 9:54 a m., April 5, 
1905, 30 drops of the extract used in the preceding case. The tem- 
perature five minutes before administration was 100.8° F. The fol- 
lowing symptoms developed rapidly: After nine minutes, interfer- 
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ence with the gait, followed shortly by urination and increasing evi- 
dences of weakness, with marked difficulty in standing, was noted; 
slight convulsions were seen 35 minutes after administration, repeated 
at intervals during the following hour and a quarter; at 11:15 a. m. 
paralysis of the hind legs led to a straddling attitude, head held back, 
and sphincter relaxed. The temperature at 11:50 a. m. was 95.2° F. 
At 1:54 p. m. the animal was much better. It could walk but stag- 
gered. At3:49 p.m. the temperature was 102.3° F.; condition good. 
The rabbit seemed apparently all right until April 13, when convul- 
sions occurred which were followed by death. 


GENERAL SYMPTOMS OF POISONING. 


The symptoms commonly observed are salivation, tearing, an 1n- 
creased flow of secretion from the nose, emesis with convulsions, and 
later paralysis of the limbs. On post-mortem examination the main 
macroscopic lesion is dilation of the vessels of the intestinal walls,’ 
and if the: case is not too acute, hemorrhages into the intestinal walls 
occur, resembling what is known as rhododendron poisoning. The 
aqueous extract of the flowers produced the same symptoms on rabbits 
as that made from the leaves. 


ACTIVE PRINCIPLE. 


Comparatively little chemical work has been done with mountain 
laurel save testing for a volatile oil? and arbutin.© Most of the chem- 
ical work has been done on a closely related plant, Andromeda 
japonica, now known as Pieris japonica. Eykmann®@ isolated an 
amorphous glucosidal body which he called asebotoxin, which melted 
at 120° C. and had a lethal dose for rabbits of 3 mg. per kilo. Plugge ¢ 
studied the same plant, making his first report in 1882. He extracted 
the plant with water, then precipitated with lead acetate and lead 
subacetate, and after removing the lead with sulphureted hydrogen 
or sodium sulphate concentrated the fluid in vacuo at 50° C. This 
colorless fluid was then shaken out with chloroform, and the chloro- 
form on evaporation left transparent, noncrystalline scales, which he 
‘alled andromedotoxin. The mother lquid gave an amorphous 


“Tn one case of poisoning by Andromeda polifolia, this was noted by Plugge. 
Veber d. Vorkommen d. Andromedotoxins in Andromeda Polifolia. Arch. d. 
Pharm., vol. 221, p, 814, 1883. 

5 Stabler R. H. On Kalmia Latifolia. Amer. Jour. Pharm., n. s., vol. 10, p. 
°46.—Bullock, C. On Kalmia Latifolia. Amer. Jour. Pharm., n.'s., vol. 14, p. 
260, 1848. 

© Kennedy, G. W. Arbutin in Kalmia Latifolia. Amer. Jour. Pharm., vol. 47, 
DacOs tS i. 

@®ykmann, I. Ff. Sur le Principe Toxique de Andromeda Japonica. Ree. d. 
Travaux Chim. des Pays-Bas, vol. 1, p. 224, 1882. Phytochem. Notizen u. einige 
japan. Pflanzen. Abhandl. d. Tokio Daigaku, No. 10, p. 1, 1883. 

€ Plugge, P. C. Ueber Andromedotoxin. Arch. d. Pharm., vol. 221, p. 1, 1888. 

121—1iI 


MOUNTAIN LAUREL, A POISONOUS PLANT. 31 


body, andromedorubrin. This andromedotoxin gave no precipitates 
with alkaloidal reagents and did not reduce Fehling’s solution, but 
gave certain color reactions and produced distinct and characteristic 
symptoms on injection into guinea pigs and frogs—severe retching, 
which, however, is absent after large doses; disturbances of respira- 
tion; convulsions, and paralysis. 

The characteristic color reactions are as follows: 

(1) Concentrated sulphuric acid gives a dark reddish brown color 
and dissolves it gradually. On warming it becomes a deeper red. 
On dilution with water this passes into a hght mulberry-red, disap- 
pearing with alkalis returning with H,SQ,. 

(2) Evaporation with dilute H,SO, (1:5) on water bath causes 
rose-red color. If the body is pure there is no odor, but if not pure 
there is an odor of ericinol, due to the decomposition of ericolin, an 
attached body. 

(3) Dilute HCl acts the same as H,SO., only it gives a color more 
nearly violet-red. 

(4) Dilute phosphoric acid, 25 per cent, gives a mulberry-red color. 
By this means 0.0000005 gram of andromedotoxin can be recognized. 

Especial emphasis is laid on the second and fourth reactions.? 
Plugge also extended his studies to other members of this group. The 
first of these to be examined was Andromeda polifolia. He made the 
plausible claim that because the chloroform “ shaking ” from the aque- 
ous extract freed from extraneous matter by lead gave the same color 
reactions and produced the same action in animals as that from 
Pieris japonica it contained the same active principle, but he admitted 
that this body was much less active than the andromedotoxin obtained 
from Pieris japonica. He explained this weakness as being due to 
the fact that the plant was grown on a different soil and that the 
active principle varied from that of Pieris japonica much as the 
active principle of the various species of Digitalis and Aconitum 
vary.” 

In using this method with Leucothoé catesbaei* Plugge noted that 
the first six or seven chloroform shakings gave an amorphous residue, 
while the seventh to the ninth gave a white crystalline body from 
which he obtained the characteristic physiological action and color 
reactions of andromedotoxin. 

From Chamaedaphne calyculata he obtained some crystalline de- 
posit, but in this case from the lack of material was unable to 


“Plugge, P. C. Vorkommen von Andromedotoxin in verschied. Ericaceen. 
Arch. d. Pharm., vol. 223, p. 906, 1885. 

+>Plugge, P. C. Ueber d. Vorkommen d. Andromedotoxin in Andromeda Poli- 
folia. Arch. d. Pharm., vol. 221, p. 818, 1883. 

¢Plugge, P. C. Vorkommen von Andromedotoxin in verschied, Ericaceen, 
Arch, d. Pharm., vol. 223, p. 905, 1885. 
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positively identify it as crystalline andromedotoxin. The material 
obtained from this plant was less active physiologically than that 
obtained from Pieris japonica. Crystals were also obtained from 
Azalea indica. 

In 1887 Plugge “ and his pupil de Zaayer’ made a more extended 
study of the andromedotoxin obtained from Rhododendron ponticum. 
They summed up the previous chemical work and studied the active 
principle pharmacologically. They claimed that the body shaken out 
by the chloroform could be precipitated from alcohol or chloroform 
solution by ether in the form of crystalline needles. Muto failed to 
obtain these needles from Pieris japonica, the plant Plugge first 
worked with. This body contained carbon, hydrogen, and oxygen, 
but no nitrogen, and melted at 228° to 229° C. Plugge and de Zaayer 
gave it the empirical formula C,,H,,O,,, although the figures for 
this conclusion were not exact. It was readily soluble in water and 
alcohol, but very slightly in ether. They stated that it was more 
soluble in cold than in hot water, although Plugge elsewhere states 
the opposite. In water, alcohol, and amyl alcohol it turns the plane 
of polarization to the left, while dissolved in chloroform it turns it 
to the right. It gives no precipitate with alkaloidal reagents. When 
subcutaneously injected, 0.0001 gram caused death in a frog (Rana 
temporaria) in a few hours. 

This conjoint paper apparently so settled the question as to indi- 
cate that all that was necessary to determine the presence of andro- 
medotoxin was to ascertain if the chloroform shaking from the plants 
gave the same physiological action and the same color reaction as 
that described for andromedotoxin. Plugge did this with Walmia 
latifolia and from its action on frogs decided that the fluid extract 
contained one-half of 1 per cent of andromedotoxin. By this method 
he decided that andromedotoxin was present in the following plants: 


Pieris japonica Thunb.. Rhododendron ponticum L. 
Andromeda polifolia L. Rhododendron chrysanthum lL. 
Leucothoé catesbaei (Walt.) Rhododendron hybridum Wer. 
Gray. Rhododendron falkoneri Hook. f. 
Chamaedaphne calyculata (1.) Rhododendron maximum LL. 
Moench. Kalmia latifolia lL. 
Rhododendron grande Wight. Kalnia angustifolia L. 
Rhododendron barbatum Wall. Azalea indica I. 
Rhododendron fulgens Hook. f. Monotropa uniflora L. 
Rhododendron cinnabarinum Pieris formosa Don. 
Hook. f. Pieris ovalifolia Don. 


Rhododendron punicewm Roxb. 


4Plugge, P. C. Ueber Andromedotoxin. Arch. d. Pharm., vol. 224.° p. 12; 
1883. 

> Zaayer, H. G. de. Untersuch. ii. Andromedotoxin. Arch. f. gesam. Physiol., 
vol. 40, p. 480, 1887.—Plugge, P. C. Andromedotoxin. Verhandl. d. X internat. 
med. Cong., vol. 2, pt. 4, p. 28, 1891. 
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Plugge concluded that andromedotoxin was the active principle of 
the Ericacez in general. 

In the case of Rhododendron hirsutum, Plugge* found that the 
chloroform shaking failed to produce any immediate symptoms in 
frogs, but three hours after injection convulsions with slight respira- 
tory disturbance occurred, with the secretion of mucus from the 
mouth. These symptoms completely disappeared, differing from those 
of andromedotoxin. This extract gave no reactions with dilute or 
concentrated HCl, 25 per cent phosphoric acid, and dilute H,SQO,. 
In studying the distribution of andromedotoxin, Plugge makes the 
interesting observation that concentrated solutions of Erica vulgaris, 
now known as Calluna vulgaris, injected subcutaneously into frogs 
‘ause symptoms resembling those of andromedotoxin poisoning, yet 
chemically no trace of this bedy could be found.? 

Lasché also studied the action of extracts of Walmia latifolia and 
Kh. angustifolia on animals, and corroborated Plugge’s data, but 
isolated no pure body and made no chemical analysis. He used the 
berries in his work.° 

Matusow,’ while accepting the beltef that andromedotoxin is the 
active principle of the leaves, says that the chemical reactions of the 
root correspond with those of andromedotoxin, except with hydro- 
chloric acid. He claims the presence of calcium, magnesium, alumi- 
num, manganese, and iron in the roots. 

Archangelsky © examined another member of the Ericacez, the 
Rhododendron chrysanthum, a native of Siberia, and isolated a crys- 
talline principle, rhododendrin, with the empirical formula C,,H..O,, 
which was inactive to frogs, and a crystalline body, rhododendrol, 
which acted on frogs similarly to camphor. He also claimed the 
presence of andromedotoxin, but did not isolate it. He examined 
Rhododendron ponticum and obtained the same color reactions and 
physiological reactions found by Plugge with andromedotoxin. 


7Plugge, P. C. Andromedotoxinhaltige Ericaceen. Arch. d. Pharm., vol. 229, 
p. 5538, 1891, 

b>Plugge, P. C. Fortgesetzte Untersuch. ii. d. Verbreit. d. Andromedotoxins in 
d. Familie d. Ericaceen. Arch. d. Pharm., vol. 27, p. 171, 1889. 

© Lasché, A. J. M. Examination of Some of the Poisonous Ericace:e of North 
America. Pharm. Rund., vol. 7, p. 208, 1889. 

@Matusow, H. Analysis of the Root of Kalmia Latifolia. Amer. Jour. 
Pharm., vol. 69, p. 341, 1897. 

© Archangelsky, K. Ueber Rhododendrol, Rhododendrin und Andromedotoxin. 
Arch. f. exper. Path. u. Pharm., vol. 46, p. 313, 1901. 
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Hayashi and Muto failed to obtain crystalline andromedotoxin 
from Pieris japonica by using Plugge’s method.“ 

So it can not be said that the active principle from mountain laurel 
has been actually isolated in a pure state. Using Plugge’s method, 
the writer failed to obtain active crystals from mountain laurel, but 
obtained crystals by a different method, namely, from the filtrate 
after ether precipitation. Plugge’s principle is precipitated by ether. 
In no case has the writer found the ether precipitate physiologically 
active, and an ether extract of the crude plants possessed the toxic 
action of the plant. Full details as to the chemical and pharmaco- 
logical investigations will be made later. 

Laboratory animals, as guinea pigs and rabbits, after subcutaneous 
injection show tearing, retching, convulsions, and later paralysis. 
This physiological reaction can be used as a guide in the isolation 
of the active principle. Before death in males there is an ejection of 
semen. 

REMEDIAL AGENTS. 


The fact that sheep which have diarrhea have recovered from toxic 
doses of mountain laurel would suggest purgative treatment. 
Farmers very commonly administer lard in this condition, and this 
no doubt acts by hindering absorption. The use of lard in laurel 
poisoning has been substantiated by the experiments of Thomas, who 
found that the animals were less likely to become poisoned if lard 
was administered. In case vomiting and purgation do not occur, 
this result should be encouraged by the usual agents.’ To induce 
vomiting, 60 milligrams of apomorphine hydrochlorate may be given 
subcutaneously and purgation may be encouraged by giving 2 to 6 
ounces (60 to 180 grams) of epsom salts dissolved in water as a 
drench. The treatment is purely symptomatic and no true antidote 
is known. 

It seems of interest to ascertain whether the action on the glandular 
secretion noted can not be obtained free from great toxicity by a 
change in the chemical structure of the active principle. 


MEDICINAL ACTION. 


Thomas treated one case of diarrhea by means of a decoction of 
Kalmia latifolia, and the leaves have also been used empirically in 
the treatment of certain stages of fever. Locally an ointment has 


“Hayashi, H.. and Muto, K. Ueber Athmenversuche mit einigen Giften. 
Arch. f. exper. Path. u. Pharm., vol. 47, p. 220, 1902. 

> Remarkable Instance of the Absence of Animal Instinct. Penny Magazine, 
vol. 7, p. 283, 1838. 
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been employed for various forms of skin diseases, such as tinea, etc., 
but now it has fallen entirely out of use. A tincture is still used by 
homeopathic physicians.* The only indications for its use would be 
as a substitute for some member of the veratrine or aconitine family. 


“Boericke and Tafel. Amer. Homeop. Pharm., 1896, p. 279. 

Notre.—K almia angustifolia is used by the Cree Indians as a tonic. Bul. 
Torrey Bot. Club, vo]. 12, p. 58, 1885. 

Nore To0 THE SECOND Eprrion.—Since the publication of this article it has 
been learned that the leaves used by the experimenter referred to on page 26, 
footnote a, were examined by Prof. Victor K. Chesnut, whose card catalogue 
was found very useful in preparing the historical portion of this paper, and 
he identified them as those of oleander and not of mountain laurel. 
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RESULTS OF LOCO-WEED INVESTIGATIONS 
Pie ee LD 


By C. DwicuHtr Marsu, Lrpert, Poisonous-Plant Investigations. 


FIELD WORK. 


The word “loco,” from the Spanish, meaning crazy, has been ap- 
plied for a great many years to a disease of stock and sheep in the 
semiarid region of the West. There has been a general belief among 
stockmen that the disease is caused by certain weeds known as loco 
weeds. The name loco weed has been applied to a large number of 
plants, but two are considered especially obnoxious—dAragallus 
lamberti and Astragalus mollissimus. 

More or less desultory investigations by scientific men have been 
made on this subject, the general result of which has been to imply 
that the disease was produced by some other cause than the loco 
plants. The later investigations have made it seem quite probable 
that the cause of the disease must be sought in some other direction. 
The investigations here recorded were undertaken to clear up first of 
all the doubt concerning the source of trouble. 

The first essential point was to demonstrate whether the loco weeds 
did or did not cause the disease. The work of the first season, the 
summer of 1905, accomplished this demonstration in a very satisfac- 
tory way. It was clearly proved that Avragallus lamberti would 


“For many years stockmen of the plains east of the Rocky Mountains have 
reported great losses due to a somewhat undefined cause known as * loco.” It 
has been estimated that the losses from this source in Colorado alone have 
reached the sum of a million dollars per annum. <A thorough investigation of 
the loco problem by the Bureau of Plant Industry, both in its field and labora- 
tory aspects, was undertaken by the office of Poisonous-Plant Investigations, 
under the direction of Dr. Rodney H. True, Physiologist in Charge, the field 
work being in the hands of Dr. C. Dwight Marsh, Expert, and the laboratory 
work in those of Dr. Albert C. Crawford, Pharmacologist. 

The importance of the results obtained, together with the fact that the publi- 
eation of the rather extensive evidence accumulated is likely to be somewhat 
delayed, has made it seem desirable to present at once a brief summary of the 
results obtained.—B, T, GaLLoway, Chief of Bureau. 
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poison horses, sheep, and cattle and that Astragalus mollissimus 
would poison horses. Astragalus mollissimus does not poison cattle 
because they very rarely eat it. 

The work of the second season, the summer of 1906, was mainly de- 
voted to a diagnosis of the disease. The external symptoms de- 
scribed by stockmen were in general corroborated. The principal 
symptoms are the lowered head, rough coat, slow, staggering gait, 
movements showing lack of muscular coordination, sometimes more 
or less paralytic symptoms, a generally diseased nervous system, and 
in the later stages of the disease extreme emaciation. 

The principal pathological changes are pronounced anemia of 
the whole system, diseased stomach walls, and in acute cases a con- 
gested condition of the walls of the stomach, while in chronic cases 
there are frequently ulcers. Generally speaking, locoed cattle have 
ulcers in the fourth stomach. There is an excess of fluids in the 
various cavities of the body. This is especially noticeable in the 
epidural space of the spinal canal. Here the effusion is more or less 
organized, presenting the appearance of a gelatinous mass, which is 
especially abundant in the lumbar region and about the exits of the 
spinal nerves. In most locoed females the ovaries are found in a 
diseased condition. 

The third stage of the work was the devising of remedial measures. 
This was undertaken in the summer of 1907. This work naturally 
had two phases, (1) attempts to eradicate the weed and (2) attempts 
to cure the locoed animals. 

In regard to the possibility of killing the weeds, it was found that 
this could readily be done in the case of fenced pastures. This is 
especially feasible with Astragalus mollissimus, because it occurs in 
comparatively small patches. <Avagallus lamberti has a wider distri- 
bution, but it is not at all impossible to destroy this weed when in 
pastures. There seems to be no way of ridding the ranges of these 
weeds, however. . 

In regard to the second phase of remedial work, it was found that 
locoed cattle can in mest cases be cured by a course of treatment with 
strychnine, while locoed horses can generally be cured by a course of 
treatment with Fowler’s solution. The animals under treatment 
must not be allowed to eat the loco weed and should be given not only 
nutritious food but, so far as possible, food with laxative properties. 
To this end magnesium sulphate was administered to correct the con- 
stipation which is almost universal among locoed animals. It should 
be noted, too, that magnesium sulphate may serve to some extent as 
an antidote to the poison. 

It may be added, in regard to the question of immunity, that loco 
poisoning comes on in a slow and cumulative manner, so that there 
is no possibility of animals becoming immune. 
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LABORATORY WORK ON LOCO-WEED 
INVESTIGATIONS. 


By AvsBert C. CRAWrFrorD, Pharmacologist, Poisonous-Plant Investigations. 


SUMMARY OF LABORATORY WORK. 


(1) Conditions analogous to those found in locoed animals oecur 
in portions of the world other than the United States, especially in 
Australia. 

(2) The symptoms described in stock on the range can be repro- 
duced in rabbits by feeding extracts of certain loco plants. Those 
especially referred to here under the term “loco plants” are Astra- 
galus mollissimus and Aragallus lamberti. 

(3) The production of chronic symptoms in rabbits is a crucial 
test of the pharmacological activity of these plants. 

(4) It is the inorganic constituents, especially barium, which are 
responsible for this poisonous action, at least in the plants collected 
at Hugo, Colo. ; but perhaps in future loco plants from other portions 
of the country may be found to have other poisonous principles. 

(5) There is a close analogy between the clinical symptoms and 
pathological findings in barium poisoning and those resulting from 
feeding extracts of certain of these plants. Small doses of barium 
salts may be administered to rabbits without apparent effect, but 
suddenly acute symptoms set in analogous to those reported on the 
ranges. 

(6) The administration of sulphates, especially epsom salts, to 
form insoluble barium sulphate would be the chemical antidote which 
would logically be inferred from the laboratory work, but of neces- 
sity these sulphates would have to be frequently administered, and 
their value after histological changes in the organs have occurred 
remains to be settled. But the treatment of acute cases of barium 
poisoning in man is not always successful, even when sulphates com- 
bined with symptomatic treatment are employed. The conditions 
under which sulphates fail to precipitate barium must be considered, 

(7) Loco plants grown on certain soils are inactive pharmaco- 
logically and contain no barium. In drying certain loco plants the 
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barium apparently is rendered insoluble, so that it is not extracted by 
water, but can be extracted by digestion with the digestive ferments. 
To be poisonous the barium must be in such a form that it can be 
absorbed by the gastro-intestinal tract. 

(8) In deciding -whether plants are poisonous it is desirable to 
test not merely the aqueous or alcoholic extract, but also the extracts 
obtained by digesting these plants with the ferments which occur in 
.the gastro-intestinal tract. 

(9) It is important that the ash of plants, especially of those 
erown on uncultivated soil, as on our unirrigated plains, be examined 
for various metals, methods similar to those by which rocks are now 
analyzed by the United States Geological Survey being used. 

(10) It is desirable to study various obscure chronic conditions, 
such as lathyrism, with reference to the inorganic constituents of the 
Lathyrus and other families of plants. 
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THE SOURCES OF ARSENIC IN CERTAIN 
SAMPLES OF DRIED HOPS. 


By W. W. Srocxsercer, Expert, Drug-Plant Investigations. 


INTRODUCTION. 


For several years considerable attention has been given in England 
to the question of the origin of the arsenic sometimes found there 
in beer.” Some students of the question have pointed out glucose,° 
malt,? and hops® as possible sources of this substance. The occasional 
detection of minute quantities of arsenic in dried hops has furthered 
the belief that hops should be carefully examined for traces of this 
undesirable substance, a view which finds partial support in some 
experiments made with hops dried by each of the two processes used 
in England.’ In one of these, known as the “ direct ” process, the 
hops are dried over open fires and are thus exposed to all the com- 
bustion products arising therefrom. In the other, or “ indirect ” 
process, a current of pure heated air is caused to pass through the 


@The growing and curing of hops has been a subject of investigation in the 
Bureau of Plant Industry during the past two years by the office of Drug-Plant 
Investigations, under the direction of Dr. Rodney H. True, Physiologist in 
Charge. The execution of the work in both field and laboratory has been 
chiefly in the hands of Dr. W. W. Stockberger, Expert. In connection with 
these investigations, that phase concerning the occurrence of arsenic in hops 
has been touched upon with fruitful results, which are here summarized. Since 
the conclusions reached have an important bearing on matters of considerable 
economic importance, their immediate publication is deemed desirable.—B. T. 
GALLOWAY, Chief of Bureau. 

>» Royal Commission on Arsenical Poisoning, London, 1901-1903. Report of the 
Medical Officer of Health for the City of London, No. S6. 

€ Windisch, W. Wochenschr. f. Brauerei, vol. 18, p. 30, 1901.—Hantke, F. 
Letters on Brewing, vol, 1, pp. 16-21, 1901.—Petermann, A. Ann. Sci. Agron., 
vol. 2, p. 396, 1901. 

dChapman, A. C. Analyst, vol. 26, p. 10, 1901.—Fairley, T. Analyst, vol. 26, 
p. 177, 1901; Pharm. Jour., vol. 65, pp. 654, 758, 1900. 

¢ Baker, J. L., and Dick, W. D. Jour. Soc. Chem. Ind., vol. 25, p. 174, 1904. 

fDunean, C. County Analyst’s Annual Report to the Worcestershire County 
Council, 1905, Appendix I, pp. 22-24. 
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hops, which do not come into direct contact with the gases or fumes 
from the fires. From the experiments cited the conclusion is drawn 
that hops dried by the indirect process are arsenic free.? 

It is known, however, that traces of arsenic sometimes occur in hops 
which have been dried by the indirect process, a condition which has 
been urged in England as an argument against the purchase of im- 
ported hops, thus rendering more difficult the sale abroad of those 
grown in the United States. 

Since under the ordinary conditions of hop production in the 
United States there is a surplus which requires an annual exportation 
of a considerable portion of the crop,” it is highly desirable that this 
product be prepared in every way free from deleterious substances 
which would interfere with its sale and use abroad. 

During a recent study of the processes of curing and sulphuring 
hops © some experiments were made to determine the most probable 
source of arsenical contamination. The possible sources include fuels, 
arsenical sprays, the soil, and sulphur both when used in the field to 
destroy pests and when burned under the hops on the kiln during 
the drying process. 

Since the open-fire, or “ direct,” process of drying is never used in 
this country, and as traces of arsenic have been found in hops not 
treated with insecticides, only the soil and sulphur were considered 
in these experiments, which, though not fully complete, have yielded 
results of so much importance to American hop growers that they 
are here presented in preliminary form. 


ORIGIN OF SAMPLES OF HOPS EXAMINED. 


The geographical distribution of hops containing traces of arsenic 
was first investigated. Dry commercial samples were obtained from 
England, Belgium, East Prussia (Altmark), Bavaria, Bohemia 
(Saaz), British Columbia, New York, Wisconsin, and the Pacific 
coast. Upon analysis? small quantities of arsenic (1.5 parts to the 
million, or less) were detected in samples from each of the regions 
just mentioned. ‘These results indicate that hops from any of the 
hop-growing districts of the world may contain traces of arsenic, and 
suggest the necessity for the thorough examination of hops whatever 


epuncan, (Cf loc) Cit, past. 

4 Merritt, E. Bul. 50, Bureau of Statistics, U. S. Dept. Agriculture, table 5, 
p. 18. 

¢ Stockberger, W. W. Farmers’ Bulletin No. 804, U. S. Dept. Agriculture, 
1907, pp. 19-26. 

4 xcept when otherwise stated all analyses for arsenic were made in the 
Bureau of Chemistry, United States Department of Agriculture. 
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their geographical origin, as well as the desirability of a careful 
scrutiny of the methods of cultivation and curing used abroad, par- 
ticularly those processes in which, contrary to the American practice, 
hops are dried over open fires. 


EXAMINATION OF HOP SOILS. 


Samples of soil from a number of American hop fields have been 
examined for arsenic,* but in no case has its presence been detected. 
However, these results do not necessarily prove the absence of arsenic 
from the soils of the fields examined, since the hop plant has a very 
extensive and deep-growing root system which might very readily 
explore soil layers unrepresented in the samples taken. 

Since traces of arsenic have been found in unsulphured hops grown 
on some of the soils from which these samples were taken, it may be 
inferred that the samples were not representative of the true soil 
conditions as just noted or that arsenic may be present in the soil in 
quantities too minute to be detected by the ordinary methods of 
analysis, the larger and measurable quantity in the plant being due 
to gradual accumulation during the process of growth. 


THE ABSORPTION OF ARSENIC BY THE GROWING PLANT. 


Some early authors held that living plants did not absorb arsenic,” 
but numerous plants have been found to contain this substance,’ 
which was doubtless derived from the soil. Nobbe“@ states that only 
a very small quantity of arsenic is taken up by plants, though aec- 
cording to Angell¢ plants of rhubarb, bean, rye, and buckwheat 
accumulate appreciable quantities from soils heavily fertilized with 
superphosphates. Davy / found arsenic in peas, cabbages, and Swed- 
ish turnips grown in soils mixed with superphosphates, 40 per cent of 
which Lyttkins ” states contain arsenic, in amounts varying from 0.012 
to 0.26 per cent as estimated by Stoklasa.” Collins ‘ found that-barley 


“The analysis of the soil samples was made in the Bureau of Soils, United 
States Department of Agriculture. 

b Targioni-Tazzetti, A. Ann. Sci. Nat., ser. 3, vol. 5, pp. 177-191, 1846.—Dan- 
berry, Chas. Quart. Jour. Chem. Soc., vol. 14, pp. 209-2380, 1862. 

¢ Pfeffer, W. Pflanzenphysiologie, 2 ed., vol. 1, pp. 482-453, 1807. 

4Nobbe, F., Baessler, P,, and Will, H. Landw. Versuchstat., vol. 30, p. 409, 
1884. 

e Angell, A. and A. F. Chem. and Drug., vol. 60, p. 450, 1902. 

f Davy, E. W. Philos. Magazine, vol. 18, pp. 108-113, 1859. 

9 Lyttkins, A. Kgl. Landw. Akad. Handl., vol. 38, pp. 317-820, 1894. 

hStoklasa, J. Ztschr. Landw. Versuch. Oesterr., vol. 1, p. 154, 1898. 

‘Collins, S. H. Jour. Soc. Chem. Ind., vol. 21, pp. 222-2238, 1902. 
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grown on soils containing arsenic may accumulate large amounts 
of this element, most of which, as has been further shown by pot ex- 
periments,? occurs in the barley grains. Likewise, Gosio ? records the 
accumulation of arsenic in the leaves, stems, and fruits of squash 
plants which had been watered with dilute arsenic solutions. 

In order to test the capability of the hop plant to.take up arsenic 
from the soil, two adjoining plats of sixty hills each were selected 
ina hop yard and from May 24 to August 5, 1907, the alternate hills 
of one plat were watered weekly with solutions of arsenious acid 
and those of the other with solutions of arsenic acid. Each solution 
was made up in five different strengths, the arsenious acid ranging 
from 0.01 to 1 per-cent and the arsenic acid from 1 to 3 per cent. 
Solutions of each acid were then applied to fifteen groups of two 
hills each in amounts so regulated as to form a gradually increasing 
series. In this way the total amount of arsenious acid administered 
to the plants of each hill ranged from one-tenth of an ounce to 24+ 
ounces and the arsenic acid from 2 to 20 ounces to each hill. When 
the hops were mature, those from each group of two hills which had 
received the same treatment were gathered separately, dried without 
sulphur, and prepared for chemical examination. 

Upon analysis traces of arsenic, from 0.5 to 3 parts per million, 
were found in each sample examined. While the amount of arsenic 
in various samples was not in direct proportion to the amount admin- 
istered to the plant, the balance of evidence is in that direction. 
Necessarily the experimental error is very large, but when due allow- 
ance is made for it the results warrant the conclusion that hops will 
take up from soils containing available arsenic amounts relatively 
proportional to the quantity contained therein. 


IMPURE SULPHUR AS A SOURCE OF ARSENIC. 


That the sulphur used in sulphuring hops frequently contains 
small quantities of arsenic is quite generally known and has been 
suggested as the source of the arsenic occasionally found in dried 
hops. However, analysis of the different grades of sulphur in com- 
mon use indicates that from the quantities applied in most cases suf- 
ficient arsenic would not be produced to account for the traces some- 
times found in hops, provided it was uniformly distributed through 
them. Analysis shows that there is often wide variation in the 
amount of arsenic contained in samples drawn from different bales 


4 County Councils Cumberland, ete. Tech. Education Rept., vol. 10, pp. 1-121, 
125-150, 1901. 
b Gosio, B. Atti r. Accad. Lincei, vol. 15, pp. 730-731, 1906; abstract in Centbl. 
Bak. Par. u. Infek., part 2, vol. 18, pp. 724-725, 1907. 
¢ Riiffer, E. Wochenschr. f. Brauerei, vol. 18, p. 109, 1901. 
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of the same lot in which all the hops were grown and dried under 
practically the same conditions, and also in samples drawn from dif- 
ferent portions of one and the same bale. 

This apparent contradiction may be explained on the assumption 
that the arsenic volatilized by the burning of the sulphur is deposited 
on the layers of hops next the floor of the kiln while the upper layers 
remain practically free. To test this theory, a series of experiments 
was made with a small kiln in which different lots of hops were sepa- 
rately exposed to the fumes of equal amounts of the different grades 
‘of sulphur, after which samples were carefully taken from the top 
and bottom layers before the hops were removed. The experiment 
was repeated with double the quantity of each grade of sulphur used 
before. For comparison, a certain quantity of arsenious oxid was 
added to the sulphur, with which a final lot was treated. 

The preliminary results of these experiments fully support the 
theory that arsenic may be transferred from sulphur to hops and 
unequally distributed therein. The analysis of the samples shows 
in practically every case a very appreciable difference between the 
amounts of arsenic deposited in the upper and lower layers of the 
hops. The evidence further indicates that the greater portion of the 
arsenic 1s deposited in the bottom layer. The variation in the results 
obtained with the different grades of sulphur was less than was an- 
ticipated, since each grade apparently increased materially the arsenic 
content of the hops. 

Although each test was repeated, using double the amount of sul- 
phur, the relative proportion of arsenic present was not constant. 
However, the results indicate that a larger arsenic content may be 
expected when the proportion of sulphur used is increased. 

The samples from the last experiment, in which arsenious oxid (the 
white arsenic of commerce) was added to the sulphur, contained rela- 
tively large quantities of arsenic, twelve times as much being found 
in the hops of the bottom layer as in those of the top layer. 


CONCLUSIONS. 


From the foregoing experiments the following conclusions are 
drawn: 

(1) Traces of arsenic may occasionally be found in dried hops 
irrespective of their geographical origin. 

(2) If available arsenic is present in the soil it may be taken up 
by the hop plant under favorable conditions. 

(3) Except in rare cases the amount of arsenic derived from the 
soil by the hop plant is probably smaller than 0.01 grain per pound 
of dry hops, which is the smallest amount regarded as deleterious by 
the Royal Commission on Arsenical Poisoning in England. 
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(4) By the use of impure sulphur during the process of curing, 
hops may be contaminated with arsenic, which will be concentrated 
in the lower layers on the kiln floor with the result that certain sam- 
ples may show an amount greater than 0.01 grain per pound. 

(5) The probability of hops acquiring arsenic from what seems to 
be a very ready source may be much lessened by employing only the 
very highest grades of purified sulphur in hop curing, and the quan- 
tity used should be reduced to the lowest possible limit. 
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APPLE LEAF-SPOT CAUSED BY SPHAE- 
RKOPSIS MALOKUM. 


By W. M. Scorr, Pathologist, and James B. Rorer, Assistant Pathologist, 
TInwestigations of Diseases of Fruits. 


INTRODUCTION. 


The disease of apple leaves known as * brown-spot,” “ frog-eye,” 
aN Ao) 


“ leaf-blight,” or “ leaf-spot ” is very common throughout the eastern 
United States. As these names suggest, the disease is characterized 
by circular or irregular reddish brown spots with slightly raised 
purplish margins. (PI. ITI, fig. 1.) These spots when first visible 
to the naked eye are very minute and purple, but rapidly increase in 
size until they attain a diameter of from one-eighth to one-half inch, 
while the affected tissue becomes brown and later sometimes gray. 
The mature spots are usually circular, but after midsummer may be- 
come more or less irregular or distinctly lobed in outline, a condition 
apparently brought about by a secondary extension of the disease 
from two or more points on the margin of the original circular spot. 
If the infection is bad, a number of spots may coalesce and form 
large brown patches involving half the leaf or more, but in these 
dead areas the margins of the individual spots usually remain distinct. 

These spots should not be confused with those produced on apple 
leaves by the apple-blotch Phyllosticta. The latter are yellowish and 
minute, never more than one-sixteenth of an inch in diameter, and 
will not be considered in this paper. 

Leaf-spot is of greater economic importance than is generally sup- 
posed. It makes its first appearance early in the spring as the leaves 
are unfolding, and infections take place continuously throughout the 
growing season. As a result of its attacks trees may become com- 
pletely defoliated from six weeks to two months before the normal 
period of leaf fali. If this is repeated for a series of years, the trees 
become weakened and the life of the whole orchard is materially 
shortened. Moreover, the fruit from such prematurely defoliated 
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trees is small and of poor quality, and the fruit buds must necessarily 
go into the dormant stage in a rather immature condition, often re- 
sulting in a partial or complete failure of the next year’s crop. 


CAUSE OF LEAF-SPOT. 


Considerable confusion has existed as to the cause of this leaf- 
spot disease. Though no inoculation experiments have been reported, 
the disease has generally been conceded to be of fungous origin and 
has commonly been attributed to Phyllosticta pirina Sacc., and less 
commonly to Phyllosticta limitata Pk. and Sphaeropsis malorum Pk., 
while species of Hendersonia, Pestalozzia, and other fungi have been 
reported as occurring on the diseased areas. 

The disease in its economic aspect was first mentioned by Alwood 14 
in 1892, when he described a “ brown-spot ” of apple foliage and re- 
ported a serious outbreak in the Virginia orchards during the preced- 
ing summer. He attributed the trouble doubtfully to Phyllosticta 
pirind. 

In 1895 Kinney? cited the same fungus as the cause of apple and 
pear leaf-spots in Rhode Island. 

Stewart,® in 1896, reported a serious outbreak of leaf-spot on Long 
Island caused by an undescribed fungus which Peck named Phyl- 
losticta limitata. 

In 1898 Alwood * again recorded the common occurrence of Phyl- 
losticta pirina on leaf spots, but found Sphaeropsis malorum Pk. and 
Hendersonia mali Thiim. associated with it. 

Lamson,® in 1899, gave Phyllosticta pirina as the cause of “ brown- 
spot ” of apple foliage in New Hampshire, while Corbett,’ in 1900, 
described a “ brown-spot,” or “ frog-eye,” in West Virginia due to 
the same fungus. 

In 1902 Stewart and Eustace’ questioned the parasitism of Phyl- 
losticta pirina and P. limitata. In their opinion “at least a large 
part of the so-called apple leaf-spot is due to spray injury and weather 
conditions and not to fungous origin.” They suggest that the fungi 
in question live saprophytically on leaves injured by Bordeaux mix- 
ture and arsenical sprays, or in the case of unsprayed trees on leaf- 
spots which are in some way the result of atmospheric influences. A 
possible explanation for the formation of the spots is “when a 
shower is followed by bright sunshine, drops of water on the leaves 
act as lenses and concentrate the sun’s rays to such an extent as to 
overheat the tissues underneath.” ; 

In 1902 Clinton* recorded Sphaeropsis malorum as the cause of 
brownish spots on apple leaves in Illinois “ much like those of the 


“The serial numbers used in this paper refer to the bibliography, which will 
be found on page 54. 
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Fic. 1.—APPLE LEAVES SHOWING LEAF-SPOTS PRODUCED BY NATURAL INFECTION. 


Fic. 2.—APPLE LEAVES SHOWING LEAF-SPOTS PRODUCED BY INOCULATION WITH 
SPHAEROPSIS MALORUM, PK. 
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leaf-spots or Phyllostictae fungi, but are apt to be more irregular 
and larger.” ‘The same author,’ in 1903, stated that most of the apple 
leaf-spot troubles in Connecticut were due to this same fungus. 

Stone and Smith,’ 1903, in accounting for a serious outbreak 
which occurred in Massachusetts the previous year say “there can 
be no reasonable doubt that frost was the destructive agency.” They 
observed that the spotting of the leaves continued throughout the 
summer, and that even as late as August spots as a result of spring 
frost developed on leaves which had not previously shown the injury. 

Sheldon,'* in 1907, transferred the fungus Phyllosticta pirina Sace. 
to the genus Coniothyrium on account of the dark color of the spores 
and proposed the name Coniothyrium pirina (Sace.) Sheldon. From 
an examination of herbarium material and fresh specimens from dif- 
ferent parts of the eastern United States there is no doubt that the 
fungus commonly called Phyllosticta pirina in this country is a Coni- 
othyrium. Apparently mature spores from a European specimen of 
Phyllosticta pirina in the herbarium of the Department of Agricul- 
ture are hyaline and ellipsoid, agreeing with the original description 
of Saccardo,” so that his species may prove to be autonomous. 

In view of the conflicting statements and apparent uncertainty as 
to the cause of apple leaf-spot, the writers during the summer of 
1906 and 1907 made a study of the disease in connection with demon- 
stration spraying work in the Ozarks. It was found that Sphaerop- 
sis malorum, contrary to the general belief, is the cause of the disease. 


CULTURAL STUDIES. 


A somewhat cursory examination of a large amount of leaf-spot 
material collected in Arkansas during 1906 showed that there was no 
one fungus which fruited constantly on the spots. The pycnidia of 
Coniothyrium pirina (Sace.) Sheldon were found perhaps more 
commonly than any other, but two species of Pestalozzia and one 
each of Coryneum, Hendersonia, and Alternaria occurred frequently, 
while occasionally the pyenidia of Sphaeropsis malorum and a spe- 
cies of Septoria were met with. The same was true of specimens 
received from Missouri, Nebraska, New York, Maryland, Virginia, 
and West Virginia. Pure cultures of all of these fungi were easily 
obtained by the poured-plate method. All grew well and fruited 
abundantly on apple agar or sterilized apple wood. 

In the early part of the season of 1907 cultures were obtained from 
leaf spots by a somewhat different method. During the first spring 
outbreak of the disease, spots of various sizes, together with a little 
of the surrounding healthy tissue, were cut from the leaf and placed 
in a solution of mercuric chlorid (1-1,000) for two or three minutes. 
The bits of leaf were then ‘thoroughly washed in sterile water and 
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transferred to slanted apple or potato agar. The writers separately 
made many sets of cultures by this method, using spots from leaves 
of Ben Davis, Winesap, and White Pearmain trees. Within 
a few days by the aid of a hand lens hyphe could be seen growing 
out from the center or margins of the small spots. Mycelium devel- 
oped rapidly and in about two weeks spores were formed, so that 
the fungi could be identified. The results were uniformly the same. 
In all cases in which the youngest spots, that is, those one-sixteenth 
of an inch or less in diameter, were used, the fungous growth was ¢ 
pure culture of Sphacropsis malorum Pk. In cultures made from 
the older spots, in which the central tissue had become brown, some- 
times a pure Sphaeropsis was obtained, but more often a mixture of 
things. Coniothyrium pirina developed about as commonly as 
Sphaeropsis, both species often growing from the same spot. In 
addition to these two fungi, two species of Alternaria, a Cladospo- 
rium, bacteria, and yeasts were frequently present. 

This cultural work, frequently repeated, gave evidence that Sphae- 
ropsis malorum, always developing from the youngest spots, was the 
specific cause of the disease and that the other organisms were mere 
concomitants. Of course, to prove this inoculation experiments were 
necessary. These were made as soon as pure fruiting cultures of the 
different fungi were obtained. 


INOCULATION EXPERIMENTS. 


A number of different sets of inoculations were made, but the 
method of procedure was the same in each case. With a sterile 
needle the fruiting fungus was scraped from the surface of the agar 
and transferred to a tube of sterile water. In cases where pycnidia 
were present these were crushed against the side of the tube with a 
sterile glass rod to set free the spores. In order to ascertain the 
presence of mature spores a hanging drop of the fluid was always 
examined microscopically. This spore-bearing liquid was then 
sprayed on both surfaces of clean young leaves with an atomizer. 
Trees in more or less isolated young orchards were selected, and no 
two fungi were used on the same tree. From 20 to 40 leaves on two 
or three different shoots were involved in each inoculation. Checks 
were always made on separate trees by spraying 40 or 50 leaves with 
sterile water. 

The first inoculations were made on May 28, 1907. The fungi 
used were Sphaeropsis malorwm, and the undetermined species of 
Coryneum, Hendersonia, and Alternaria previously mentioned. It 
was raining at the time and the weather continued wet for several 
days. 
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On June 3, 1907, purple specks were appearing on the leaves which 
had been inoculated with Sphaeropsis, and on June 18 these leaves 
were badly affected with leaf-spot. (Pl. III, fig. 2.) On a twig 
bearing 30 leaves, 12 showed a dozen or more well-developed spots, 
and a few of these leaves had from 80 to 90 spots each. Twelve other 
leaves on the same branch had from 2 to 10 spots each, while only 
6 remained free from the disease. On another branch 12 out of 20 
leaves were badly affected. 

With the exception of an occasional spot, evidently resulting from 
natural infection, the leaves sprayed with spores of the other fungi, 
as well as those sprayed with sterile water as a check, remained free 
from the disease. 

Another experiment was made on June 19, 1907. Spores of Sphae- 
ropsis malorum, Coniothyrium pirina, Coryneum, and Alternaria were 
used. The work was done at sunset following a shower, so that the 
leaves were wet. Again the leaves inoculated with the spores of 
Sphaeropsis malorum soon became badly affected with the character- 
istic leaf-spot disease, while the others, including the checks, devel- 
oped no more than an occasional spot. 

Another test was made with Sphaeropsis alone. The young leaves 
of a 2-year-old tree were inoculated during a period of dry weather 
in mid-June. The spores were sprayed on the leaves at about 10 
o'clock, while the sun was shining brightly. At the same time 
sterile water was sprayed on the leaves of an adjacent tree as a check. 

Though no rain fell for at least six days after the spraying was 
done, numerous purple specks began to appear on the inoculated 
leaves within a week and soon developed into the characteristic brown 
spots. A few spots, never more than one to a leaf, appeared on the 
checks. The mature spores of Sphaeropsis germinate so rapidly that 
in dry weather the dews provide sufficient moisture for leaf infec- 
tion, as indicated by this experiment. 

TInoculations made on June 26, 1907, with Sphaeropsis malorum, 
Coryneum, and Alternaria gave results similar to those previously 
recorded for these fungi. From 20 to 50 spots developed on each of 
the leaves inoculated with Sphaeropsis, while only a few scattered 
spots occurred on the leaves of the check and on those sprayed with 
spores of the other fungi. 

On August 4, 1907, inoculations with Coniothyrium were again 
tried. Leaves on rapidly growing 2-year-old Ben Davis trees in a 
nursery were used. The spores were obtained from a fresh culture 
and were so numerous that they clouded the liquid. The work was 
done during a light shower and some rain fell the next day. 

The same experiment was repeated on the evening of August 1, 
1907. Though it did not rain at this time the trees were wet down 
with sterile water on the following night. . 

121—v 


59 MISCELLANEOUS PAPERS. 


Again, on August 21, 1907, this same fungus was used for inocula- 
tions, which were made in the evening just after a heavy rain. For 
the next two days the sky was overcast and occasional showers fell. 

The results of these three sets of inoculations with Coniothyrium 
were negative. Spots were found here and there on the inoculated 
leaves, but no more than on the checks which were sprayed with 
sterile water. Similar spots, never more than two to a leaf, were 
found throughout the nursery at this time and were evidently pro- 
duced by a natural infection with Sphaeropsis. 


CONCLUSIONS. 


The following conclusions may be drawn from the results of the 
inoculation experiments described-in the preceding pages: 

Sphaeropsis malorum Pk., the black-rot fungus, is parasitic on 
apple leaves, producing circular (or irregular) reddish brown spots 
an eighth of an inch or more in diameter, and is undoubtedly the 
cause of the apple leaf-spot disease which occurs in the middle West. 
The common apple leaf-spot disease of the Eastern States, being so 
similar in every respect, is doubtless caused by the same fungus, 
although some other fungi may possibly produce similar spots. 

Coniothyrium pirina (Sacc.) Sheldon, although it occurs abun- 
dantly on apple leaf-spots, appears to have nothing to do with their 
formation. 

The several other fungi that were tested, such as endersonia sp., 
Coryneum sp., Pestalozzia sp., and Alternaria sp., proved to be non- 
parasitic in these experiments and probably occur on leaf spots only 
as saprophytes. 


SOURCE OF INFECTION. 


Sphaeropsis malorum is perhaps the most common fungus that 
inhabits pome-fruit orchards east of the Rocky Mountains. It is the 
‘ause of the black-rot of the apple, the pear, and the quince and pro- 
duces cankers on trunks and branches of these fruit trees. It occurs 
abundantly on dead twigs and branches in nearly every orchard, pro- 
ducing spores in enormous numbers. This is perhaps the most fertile 
source of infection for both fruit and foliage. In old orchards, par- 
ticularly where pruning is neglected, the leaf-spot disease is much 
worse than in young orchards. The leaves of young trees adjacent 
to an old orchard become more spotted with the disease than those 
farther removed. Another source of infection is the diseased fruits 
of the previous year’s crop. Although the fungus fruits only spar- 
ingly on leaves on the tree, it produces fertile pycnidia in consider- 
able numbers on these leaves after they have fallen to the ground. 
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Fic. 1.—UNSPRAYED WINESAP TREES DEFOLIATED BY THE LEAF-SPOT DISEASE. 


Fic. 2.—SPRAYED WINESAP TREES IN FULL FOLIAGE, LOCATED IN THE SAME ORCHARD 
AND PHOTOGRAPHED AT THE SAME TIME (OCTOBER 19, 1906) AS THOSE SHOWN IN 
FIGURE 1. 
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TREATMENT. 


Since 1892, when Alwood ** first recommended Bordeaux mixture 
as a preventive for apple leaf-spot, other writers have advocated the 
same method of treatment. The prevention of this disease has been 
one of the most striking results of various spraying experiments and 
demonstrations conducted by the Bureau of Plant Industry. Waite, 
in 1901, in connection with bitter-rot experiments in Virginia, con- 
trolled the disease with two applications of Bordeaux mixture. His 
recommendations in Farmers’ Bulletin No. 243, p. 19, are based upon 
this work. Similar results were obtained by Scott '* in Virginia in 
1905. In the spraying demonstrations in the Ozarks during 1906 and 
1907 the writers found that the spraying ordinarily necessary for the 
protection of the fruit from fungous attacks ¢ will usually control this 
leaf trouble without any additional treatment. During both seasons 
unsprayed trees were shedding their leaves by August 1 and were 
completely defoliated by the middle of September, while the sprayed 
trees remained in full foliage until the first killing frost. (Compare 
Pl. IV, figs. 1 and 2.) In addition to the injurious effect upon the 
trees this premature defoliation caused the fruit to be small and of 
poor quality as compared with that from sprayed trees. An average 
barrel of Winesaps from sprayed trees contained 612 apples, while 
731 from unsprayed trees in adjacent rows were required to fill a 
barrel. 

For the control of this disease alone, without reference to the 
diseases of the fruit, an application of Bordeaux mixture should be 
made in the spring a week or ten days after the petals have fallen, a 
second application four weeks later, and a third about four weeks 
after the second. Three applications are necessary only in exceed- 
ingly wet seasons in sections where the disease is severe. Ordinarily 
two treatments, one about three weeks after the petals are off and the 
other four or five weeks later, are sufficient. 

A weak Bordeaux mixture, such as 3 pounds of copper sulphate and 
3 pounds of lime to 50 gallons of water, is effective in controlling this 
disease, Bordeaux mixture of full strength not being required. ” 


“For a combination treatment for the leaf-spot disease, the diseases of the 
fruit, and the codling moth, see Farmers’ Bulletin No. 283, pp. 41-42. 

‘Por various formulas and methods of preparing Bordeaux mixture, see 
Farmers’ Bulletin No, 248, pp. 5-10, 
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THE IMMUNITY OF THE JAPANESE CHESTNUT 
TO THE BARK DISEASE. 


By Haven Mercaxr, Pathologist in Charge of the Laboratory of Forest Pathology. 


THE EXTENT OF THE BARK DISEASE. 


The bark disease of the chestnut, caused by the fungus Diaporthe 
parasitica Murrill, has spread rapidly from Long Island, where it was 
first observed, and is now reported from Connecticut, Massachusetts, 
Vermont, New York as far north as Poughkeepsie, New Jersey, Penn- 
sylvania, and possibly Delaware. It is no exaggeration to say that it 
is at present the most threatening forest-tree disease in America. 
Unless something now unforeseen occurs to check its spread, the com- 
plete destruction of the chestnut orchards and forests of the country, or 
at least of the Atlantic States, is only a question of a few years’ time. 


AN IMMUNE VARIETY. 


Observations made by the writer during the past year indicate that 
all varieties and species of the genus Castanea are subject to the 
disease except the Japanese varieties (Castanea crenata Sieb. and 
Zuce.). <All of the latter that have been observed in the field or 
tested by inoculations have been found immune. This fact can 
hardly fail to be of fundamental importance to the future of chestnut 
nut culture. Although the nuts are distinctly inferior in flavor to the 
Kuropean varieties, such as Paragon, the Japanese chestnut is 
already grown on a large scale as a nut-producing tree. There are, 
however, many trade varieties of dubious origin. Some of these 
may prove later to be subject to the disease. . Immunity tests of all 
known varieties of chestnuts have been undertaken. 

Attempts will also be made to hybridize the Japanese with Ameri- 
can and European varieties, with the hope of combining the immunity 
of the former with the desirable qualities of the latter. 

However excellent as a nut and ornamental tree, the value of the 
Japanese chestnut as a forest tree is doubtful. It can be recom- 
mended only experimentally at present for forest planting. It 
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certainly will not take the place of the American chestnut. The 
tree is said to attain a height of 50 or 60 feet in Japan. As seen in 
this country it is a handsome tree, dwarfish and compact in habit, 
and rather slow growing. It has hardly had time to show how large 
it can grow. 

The immunity of the Japanese chestnut, together with the fact 
that it was first introduced and cultivated on Long Island and in the 
very locality from which the disease appears to have spread, suggests 
the interesting hypothesis that the disease was introduced from 
Japan. So far, however, no facts have been adduced to substantiate 
this view. 


121—VI 


NDE: 


Apple leaf-spot caused by Sphaeropsis malorum, paper...........-..-.------- 
AIMmenic: ADSOLplion by. prowine bop plaia. 2.52220. s222k se ee edes -- oles 
ia hops, smpure sulphur asa source. 02! -! sulla teste geet as os yee 

sources in certain samples of dried hops, paper.......-.-------------- 
previous investigations... -- 

Bark disease of chestnut, immunity of Japanese variety, paper........-.-.--- 
Beet GALS CnC: COMBbeM ie 2-2 ae Ae rt EE a NE AIS ie ea ee pe Bed 
Rordeaix muxiuretor appLeviesi-spot. 022 -~ shee 22 Se ase ee. = eS ee 
CuLomeiectrOtaw DIie: SMAKcGTOOuas= aes or es eee te pt ae ee we 
Cheshalite wank cusease Textemthe secon mss ht Re th If 0 le se 
Japanese, immunity to the bark disease, paper..........-..-.-.1---- 
CRAWFORD, ALBERT CORNELIUS, paper entitled ‘“‘Laboratory work on_ loco- 
weed investigations” .... ... 

“Mountain laurel, a poisonous 

(ele) ae Sen eae 

“The supposed relationship of 

white snakeroot to milksick- 

ness, or ‘trembles’’’........- 

Disease, apple leaf-spot caused by Sphaeropsis malorum, paper.............-.- 


ALK: OMG ENtMUie SeXTEMUS see ae ay. ee eee eee oe et age 
immunity of Japanese variety, paper.......-.--...-- 
Dida MereciOimmnlLe MEA CFOOh acc: 1 eae ae sae Je De alo ca ows ee cede 


Eupatorium ageratoides, relationship to milksickness, or ‘‘trembles,’’ paper - 

Fruit disease, apple leaf-spot caused by Sphaeropsis malorum, paper... .-.----- 

Fungus causing bark disease of chestnut, immunity of Japanese variety, paper. - 

Sphaeropsis malorum, cause of apple leaf-spot, paper..2........-...--- 

Hops, absorption of arsenic by growing plants............--.-.----------:---- 

dried, sources of arsenic in certain samples, paper .........--.--------- 

summary of results of recent 

investigations. .......:.- 

previous imyesticabrons:: 9252521222142 ee : 

examined to determine arsenic content, origin....-.....-.-.---------- 

soils examined to determine whether arsenic was present...........-..- 

Immunity of the Japanese chestnut to the bark disease, paper........-.-..--- 

Inoculation experiments, apple leat-spot-:-/.:.- 2.2.0... 2... e eee 
Japanese chestnut. See Chestnut, Japanese. 

PeAlmin IAtOMn,. & POIONGUN plant, paper. 2... .225..2..-.....-.- 22a se- eee eee 

Laboratory work on loco-weed investigations, paper...............----------- 

Paurel, mountaim, a poisonous plant, paper..5..-.........-.2.. 222. ll eee te 

ey 2B hint Tels ato ga) ors ee te 

esto gis) ) Uli es OS ee ES S| 

Nee eer eee oes i 
121 57 


4146 


55-56 
18 
5-20 
47-54 
55-56 
47-54 
43-44 
41-46 


45-46 
41-42 
42-43 

43 
55-56 
50-52 


21-35 
39-30 
21-35 
30-34 
29-30 


26-29 


58 MISCELLANEOUS PAPERS. 


Page, 
Laurel, mountain, general symptoms of poisoning......-....-..-------------- 30 
history and poisonous qualities. -.- 2-2 222 =o. eee 21-26 
medicinal actlon.. -/22.2:+-sece2 see epee oe eee 34-35 
poisoning) remedial agents. 2.22 22. - nee = =e ee ee 34 
eat-spatonapple: ibibliosrapby y.--).222 422 2 tases aes o> aoe eee 54 
GAUSS = aye iste ele eee one See ernie oe ee 48-49 
caused by Sphaeropsis malorum, paper......----..------- 47-54 
Characterisies 202 6. So. bergen oe ees eee ee 47-48 
cultural studies). $.2 2.221. asthe = ices eee eee 49-50 
INOCUlAatlOM EXPenImMents! =a. se-o- aa e eee eee eee 50-52 
summary of results of investiga- 
tons? =e ott, aoe eee 52-53 
SOUTCE TOL IMeCtON 5. << Farce Sey Haye ee eer ee eee 52 
GPCATMEND A sce c 3S Bote ecrid Lava d olpe Ao eee ee 53 
ihoco-weed investigations in the field, paper... ....2.2.-2-2-46-2242- 220227 eee 37-38 
laboratory, work, paper. ....;42422-2 nee eee ee Secereee 39-40 
Man ettector white snakeroote:--2-.--22222-+------ as Sapte Ae eee eee 19 
Marsu, ©. Dwiaut, paper entitled ‘Results of loco-weed investigations in the 
MCLG? Bos Senne meee meet tl oc et elalto a.) st 37-38 
Mercatr, Haven, paper entitled ‘“‘The immunity of the Japanese chestnut to 
pie Wark disease tee eh aes kos aS dn. oS oe ee ee eee 55-56 
Milksickness, or ‘‘trembles,’’ history of disorder and previous experiments -... 5-15 
recent amvestioatlons® saseeo meee see eee 15-19 
SUTIN anya eae eee 19-20 
supposed relationship of white snakeroot, paper.. 5-20 
Moseley, E. L., experiments with white snakeroot........-...2.-.-0.-.------- 12-15 
Mountain laurel. See Laurel, mountain. 
Niiinees venesiniltpabkeGiseases.. 6. A025 6a ho: 4s See 5 eee ee 55-56 
Orchards, apple, infected with leaf-spot caused by Sphaeropsis malorum, paper. 47-54 
ROISOMe Mountain yinelyactyesOriTet ples... 22 aes tee eta ye 30-34 
Poisoning by mountain laurel, general symptoms.......-...--/..------.----- 30 
remedial agents i 22. .: to. Oe eee ee 34 
Poisonous plant, loco weed, investigations, papers.......2...--2---:22-:s2e5¢- .. 37-40 
mountainelatinel:papercse ssa ua! git lel Nis pee a 21-35 
WiNievenAKeraot, = PA Pel. GaSsa2)- 5 2 has A ye ee eee 5-20 
Rabbits, effect of extracts from ash of white snakeroot..........-------------- uW/ 
of dry plants of white snakeroot...........--2.-<--- 15-16 
fresh plants of white snakeroot preserVed in chloro- 
(00g A pe ee oes is ob ae 16-17 
ToayOUouoH ent Ebb eee Seen Cea EE Re Se att ais clot 29-30 
Relationship of white snakeroot to milksickness, or “‘trembles,’’ paper... -..--- 5-20 
Results of loco-weed investigations in the field, paper............------------- 39-40 
Rorer, JAMES Brreu, and Scorr, Wi11AM Moore, paper entitled ‘‘ Apple leaf- 
spateaused by Sphacropsismalorum "2... 2.32 eco. dv -ece es sence ee ees 47-54 
Scorr, Witt1AM Moore, and Rorer, JAMes Biren, paper entitled ‘‘ Apple leaf- 
Spotcaused by opaacropsiaimalorum:” 22.65 5. abells Ceanee see eee 47-54 
Sheep venect OL mountaim darel. . os ah eb ce be ned ap eeasien- ae ace eee 26-29 
SRI ELSA EROOL A eras ciarse aor Se eter Reger ets eet oe eae 19 
nakeroppeayimlbe mele CiiOMsCALS so. o2s4-- 47s ae ee eee Geet eee 17-18 
GODS ee setae A ci eee oe ie OP lees, Sia Sree 18 
IAD. = sini de cece ck 2 thet ees eee ee oot 19 
BN DELS SS es eee ree eee tie cee tine ee 15-17 
BH OCD re here chk - bas's bie ~ Smee tes chee aera : 19 


supposed relationship to milksickness, or ‘‘trembles,’’ paper. 5-20 


INDEX. 59 


Page. 
Sources of arsenic in certain samples of dried hops, paper........-.----------- 41-46 
Sphaeropsis malorum, cause of apple leaf-spot, paper..........-.....------- 47-54 
Bice poiwommp with loco-weed, papers... -.-2-. 225... 2-3-2222 ee eee les. 37-40 
WOOUIEAU ANTON, \Papene eo ost ee eee ok re esd wos 21-35 
Wine AmakceeMni se sete ons ee esas ees. 22 = 8-11, 19 

SrockBERGER, WARNER W., paper entitled ‘‘The sources of arsenic in certain 
EN OOMe® NONE poe a sees tet et ee a en te le tS 41-46 
Sulphur, impure, as a source of arsenic in hops...........-.-..--.----------- 44-45 
Supposed relationship of white snakeroot to milksickness, or ‘‘trembles,’”’ paper. 5-20 
Trees, apple, infection by Sphaeropsis malorum, paper..........--..-- ob eecebals 47-54 
chestnut, bark disease, immunity of Japanese variety, paper............ 55-56 
‘““Trembles,’’ or milksickness, supposed relationship of white snakeroot, paper. 5-20 

121 


O 


Bui. 122, Bureau of Plant Industry, U. S. Dept. of Agriculture. PLATE lI. 


A SuGAR BEET FouR MONTHS OLD AFFECTED WITH CURLY-TOP. 


(Natural size.) 


Peon WEP An) MENT “OF AGRICULTURE. 
BUREAU OF PLANT INDUSTRY—BULLETIN NO. 122. 


B. T. GALLOWAY, Chief of Bureau. 


CURLY-TOP, A DISEASE OF THE 
| SUGAR BEET, 


BY 


C.0; TOWNSEND, 


PATHOLOGIST IN CHARGE OF SUGAR-BEET INVESTIGATIONS. 


Issurp Apri 25, 1908. 


WASHINGTON: 
GOVERNMENT PRINTING OFFICE. 
1908. 


BUREAU OF PLANT INDUSTRY. 


Pathologist and Physioloyist, and Chicf of Bureau, Beverly T. Galloway. 

Pathologist and Physiologist, and Assistant Chief of Burcau, Albert F. Woods. 

Laboratory of Plant Pathology, Erwin F. Smith, Pathologist in Charge. 

Investigations of Diseases of Fruits, Merton B. Waite, Pathologist in Charge. 

Laboratory of Forest Pathology, Haven Metcalf, Pathologist in Charge. 

Truck Crop Diseases and Plant Disease Survey, William A. Orton, Pathologist in Charge. 

Plant Life History Investigations, Walter T. Swingle, Physiologist in Charge. 

Cotton Breeding Investigations, Archibald D. Shamel and Daniel N. Shoemaker, Physiolo- 
gists in Charge. 

Tobacco Investigations, Archibald D. Shamel, Wightman W. Garner, and Ernest H. 
Mathewson, in Charge. = 

Corn Investigations, Charles P, Hartley, Physiologist in Charge. 

Alkali and Drought Resistant Plant Breeding Investigations, Thomas Hl. Kearney, Physi- 
ologist in Charge. 

Soil Bacteriology and Water Purification Investigations, Karl F. Kellerman, Physiologist 
in Charge. i 

Bionomic Investigations of Tropical and Subtropical Plants, Orator F. Cook, Bionomist 
in Charge. 

Drug and Poisonous Plant Investigations and Tea Culturé Investigations, Rodney H. 
True, Physiologist in Charge. 

Physical Laboratory, Lyman J. Briggs, Physicist in Charge. 

Crop Technology and Fiber Plant Investigations, Nathan A. Cobb, Crop 
Charge. 

Taronomic and Range Investigations, Frederick V. Coville, Botanist in Charge. 

Farm Management Investigations, William J. Spillman, Agriculturist in Charge. 

Grain Investigations, Mark A. Carleton, Cerealist in Charge. 

Arlington Experimental Farm, Lee C. Corbett, Horticulturist in Charge. 

Vegetable Testing Gardens, William W. Tracy, sr., Superintendent. 

Sugar-Beet Investigations, Charles O. Townsend, Pathologist in Charge. 

Western Agricultural Batension Investigations, Carl S. Scofield, Agriculturist in Charge. 

Dry-Land Agriculture Investigations, . Channing Chilcott, Agriculturist in Charge. 

Pomological Collections, Gustavus B. Brackett, Pomologist in Charge. 

Field Investigations in Pomology, William A. Taylor and G. Harold Vowell, Pomologists 
in Charge. 

DLaxperimental Gardens and Grounds, Edward M. Byrnes, Superintendent. 

Foreign Seed and Plant Introduction, David Fairchild, Agricultural Explorer in charge. 

Forage Crop Investigations, Charles V. Piper, Agrostologist in Charge. 

Seed Laboratory, Edgar Brown, Botanist in Charge. 

Grain Standardization, John D. Shanahan, Expert in Charge. 

Subtropical Laboratory and Garden, Miami, Fla., Ernst A. Bessey, Pathologist in Charge. 

Plant Introduction Garden, Chico, Cal., August Mayer, Expert in Charge. 

South Texas Garden, Brownsville, Ter., Bdward C. Green, Pomologist in Charge. 

Cotton Culture Farms and Farmers’ Cooperative Demonstration Work, Seaman A. Knapp, 
Special Agent in Charge. 

Seed Distribution (Directed by Chief of Bureau), Lisle Morrison, Assistant in General 
Charge. 


r 


Technologist in 


Editor, J. BE. Rockwell. 
Chief Clerk, James E. Jones. 
122 


LETTER OF TRANSMITTAL. 


U. S. DEPARTMENT OF AGRICULTURE, 
Bureau or PLANT INDUSTRY, 
OFFIC. OF THE CHIEF, 
Washington, D. C., January 28, 1908. 

Srr: I have the honor to present herewith the manuscript of a 
bulletin entitled ‘‘Curly-Top, a Disease of the Sugar Beet,’ by Dr.C. O. 
Townsend, Pathologist in Charge of the Sugar-Beet Investigations 
of this Bureau. I recommend that it be published as Bulletin No. 
122 of the Bureau series. 

The bulletin presents the results of the investigations and ob- 
servations by this Bureau during the past six years. It deals with 
one of the most destructive diseases of the sugar beet, and while 
the results obtained thus far are in the main negative, the object in 
presenting them at this time is twofold: (1) To encourage the growers 
of sugar beets by showing them that the presence of this disease in 
their locality during a certain season is not an indication that it has 
become a permanent factor in the cultivation of sugar beets in that 
locality, and (2) to assist other experimenters and observers in their 
efforts to find the real cause of the disease by bringing together the 
results of what has already been done by this Bureau to that end, 
thus preventing useless repetitions. It is the purpose to continue 
the investigations along all possible lines that promise a solution of 
the problem until the exact cause of curly-top is known and a satis- 
factory remedy for its control discovered. 

Respectfully, B. T. GaLLoway, 
Chief of Bureau. 
Tlon. JAMES WILson, 
Secretary of Agriculture. 
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CURLY-TOP, A DISEASE OF THE SUGAR BEET. 


SYMPTOMS OF CURLY-TOP. 


The external characters or symptoms of curly-top are to be found in 
all parts of the diseased plant. The leaves that develop after the 
beets become affected with curly-top are very much smaller and more 
numerous than normal leaves, and the petioles are very short. The 
leaf blades are both shorter and narrower than normal leaves and are 
decidedly crinkled and puckered. (Compare Pls. 1 and II and figs. 
1 and 2 of Pl. III.) On the under side of the leaf blade are many 
elevations, giving the surface a rough appearance. (PI. ITI, fig. 1, and 
Pl. IV, fig. 1.) The leaves are more or less packed together as com- 
pared with a normal beet and the crown is decidedly broadened, as 
shown in Plates I and II. The roots of beets affected with curly-top 
are usually hairy, but this character, although nearly constant and 
distinct, is somewhat variable, being frequently more or less marked 
than Plate I and Plate VIII, figure 1, would indicate. 

In regard to the internal characters or symptoms of curly-top, the 
tissues of the leaves or leaf stems show a distortion of the .cells. 
(Pl. IV, figs. 1 and 2.) A comparison of figures 1 and 2, Plate V, will 
show the marked alternation of light and dark rings in the cross 
section of the diseased root, the fibro-vascular bundles being darkened 
throughout its entire length, as shown in Plate VI, figure 1. The 
roots are more or less fibrous or woody and pass through the slicers 
with difficulty, often causing the knives to clog. There is no decay 
or softening of the tissue in any part of the plant, except as indicated 
below. 

In addition to the constant symptoms—curled leaves more or less 
roughened below, thickened crown, hairy roots, dark fibro-vascular 
bundles, and tough woody roots—there are some other symptoms 
that frequently accompany the constant curly-top characters, but 
which are not sufliciently constant to be considered symptoms of 
curly-top. These may be known as conditional symptoms, since 
their presence depends upon conditions of growth and environment. 

One of these conditional symptoms is the stunted appearance of the 
diseased beets, which becomes apparent if the disease attacks the 
beets before they reach their full size. This nondevelopment of the 
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beets is often looked upon as one of the chief indications of curly-top.4 
If the beets are full grown before they are attacked by curly-top they 
will have all the symptoms of the disease, but necessarily can not be 
stunted in the sense of being below the normal size. Not only may 
beets have curly-top without being stunted, but they may be stunted 
by withholding the water necessary for their development, as shown 
in Plate X, figure 2, or by subjecting them to other abnormal condi- 
tions of growth without producing any of the constant curly-top 
symptoms. 

Curly-top beets sometimes have a wilted appearance as if suffering 
from lack of moisture. This symptom does not always appear, 
especially in those cases of curly-top that develop after the middle of 
the growing season, while in any case the wilted appearance of the 
leaves is not marked until the season is considerably advanced. 
Moreover, perfectly healthy beets present a wilted appearance when 
the interval between rains or between irrigations is too long. The 
outer leaves wilt first in both instances, but in the case of the diseased 
leaves the wilting is not necessarily accompanied by a drying out of 
the soil, and the addition of water will not restore the diseased beets 
to their normal condition, 

Another almost constant character, but one that is not confined to 
curly-top beets, is the presence of a dark spot in the interior of the 
crown, as shown in Plate VI, figure 1. A cavity frequently develops 
in this spot, as shown in the figure referred to. The tissue in the 
darkened spot does not usually decay, although it becomes somewhat 
softened and either shrinks or fails to develop with sufficient rapidity, 
thus forming the cavity. A cavity similar in appearance, apparently 
due to too rapid growth, forms in healthy beets. 


OCCURRENCE OF CURLY-TOP. 


Of the various diseases of the sugar beet, two have been more or 
less destructive in this country for several years. One is the eastern 
blight, or leaf-spot disease, due to the fungus Cercospora beticola Sace. ; 
the other is the so-called western blight, or curly-top, the cause of 
which has not been definitely determined. The latter disease only 
will be considered in this bulletin. 

Curly-top has been a subject of observation and study by the 
writer in the field, in the laboratory, and in the greenhouse for the past 
six years. It seems to have been known for many years in this coun- 
try. Doctor Hedgecock, of this Bureau, states that he saw distinct cases 
of curly-top in garden beets in Nebraska more than twenty years ago. 


aSmith, Ralph E. Beet-Blight Investigation. Report of the Plant Pathologist 
to July 1, 1906. Bulletin No. 184, California Agricultural Experiment Station, p. 
240. 
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There is no record, however, of a serious outbreak of curly-top until 
the summer of 1900, when it appeared simultaneously in several 
widely separated sugar-beet areas in the western portion of the United 
States. In each of these localities it did considerable damage. Since 
that time it has been more or less destructive in one or more sugar- 
beet sections each year. 

Curly-top has never been reported with certainty from any other 
country in which sugar beets are grown, and in this country it seems 
to be confined almost exclusively to the central and western portions 
of the sugar-beet belt. It has been studied in Indiana by Arthur, 
Golden, and Cunningham. It has never been observed by the writer 
east of the Mississippi River, and while it has been seen in practically 
all of the sugar-beet States west of the Mississippi River, there are 
localities in several of these States where sugar beets have been 
grown for five years or more in which a case of curly-top has never 
been observed. 

Curly-top is not confined to any particular variety of beets. It has 
been observed on garden beets (red beets) and on stock beets (mangel- 
wurzels), as well as on all strains of sugar beets. As a rule it is more 
common, however, on sugar beets than on stock or garden beets. 
Even in those localities where curly-top is very severe on sugar beets, 
it has been observed that the stock and garden beets suffer compara- 
tively little from the disease. A striking exception to this rule was 
found in 1907 in our experimental field at Garland, Utah, in which 
certain plots of garden beets contained a higher percentage of curly- 
top beets than could be found in any of our sugar-beet plots in the 
same field. 

Plate VIII shows some of the garden beets affected with curly-top 
compared with healthy beets from the same row.’ Curly-top outbreaks 
are not limited to those sugar-beet areas in which alkali is most 
abundant in the soil, nor entirely to the irrigated portions of the 
sugar-beet belt. Curly-top is not usually found in all the fields in 
any given area, even when it is very serious in that locality. Fre- 
quently adjacent fields are attacked by this disease in very different 
measure. Even a given field is not equally affected in all parts, as 
shown in Plate IX, figure 1. Furthermore, in the same row beets 
are not all attacked to the same degree, and frequently we find dis- 
eased and healthy plants standing but a few inches apart. (See PI. 
IX, fig. 2.) 

Young plants seem to be most easily attacked by curly-top, but 
it is not uncommon for beets that are full grown to develop symp- 
toms of this disease. Sometimes second-year beets that are appar- 
ently perfectly healthy when selected in the fall show signs of curly- 
top during the second season, Its appearance on the stems of seed 
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beets is strikingly shown in Plate XI. The main stem shown in 
this plate was trimmed for single-germ seed and then covered with 
paper and cloth bags in the manner described in Bulletin No. 73 ¢ 
of the Bureau of Plant Industry, the young shoots showing curly- 
top that developed under these conditions. 

When the outbreak is very serious, new cases occur from day to day 
or from week to week throughout the season. The large majority of 
vases developing in any locality during a given season, however, make 
their appearance before the plants are one-half grown, and _ fre- 
quently more than 50 per cent of the cases found in a given field 
occur before the beets are a quarter of their normal size. 


NAMES OF THE DISEASE. 


This peculiar disease of the sugar beet has received so many dif- 
ferent names in different localities that considerable confusion has 
resulted. It has been known as the California beet disease, a bac- 
terial disease of the sugar beet, bacteriosis, bacterial gummosis, 
blight, western blight, stunted beets, whiskered beets, hairy-root, 
and curly-top. . 

Owing to the fact that this disease of sugar beets first appeared 
to an alarming extent in California, it was called the ‘‘Califormia 
beet disease.”’ This name was soon abandoned, however, as what 
appeared to be the same disease was found in several other States 
that year (1900), and since that time it has appeared with certainty 
in seven of the sugar-beet States. In 1890 Professor Huston, chem- 
ist of the Agricultural Experiment Station of Indiana, noticed an 
abnormal appearance of certain beet samples that he was preparing 
for analysis. These beets were examined by Dr. J. C. Arthur, of the 
same station, who found large numbers of bacteria in the diseased 
specimens, and the disease was consequently designated as a bac- 
terial disease of the sugar beet. 

In 1891 Miss Golden published the results of her investigation in 
regard to this and other diseases of the sugar-beet root found in 
Indiana.° She isolated an organism found in beets having ab- 
normally curled and twisted leaves and made inoculations into a small 
number of healthy plants. Four out of six of the inoculated beets de- 
veloped leaves similar in appearance to the original beets from which 
the organism had been obtained. It is to be regretted that such a 
small number of inoculations into healthy plants was made, since this 


a Townsend, C. O., and Rittue, E.C. The Development of Single-Germ Beet Seed. 
Bulletin No. 73, Bureau of Plant Industry, March, 1905. 

6 Huston, H. A. Sugar Beets. Bulletin No. 39, part 2, Purdue University Agri- 
cultural Experiment Station, 1892, p. 49. 

e Golden, Katherine E. Disease of the Sugar-Beet Root. Proceedings of tho 
Indiana Academy of Science, 1891, p. 92. 


122 


NAMES OF THE DISEASE. 11 


is one of the crucial points in determining the cause of a supposed 
bacterial disease. 

Another report on this disease was published by Professor Arthur 
and Miss Golden in 1892.4 The presence of bacteria in great num- 
bers in the diseased beet was again verified, but whether they were 
the real cause of the disease was not clearly established. Some por- 
tions of the description and the figures given would seem to indicate 
curly-top, but the great abundance of the organisms and the ease 
with which they could be seen and isolated would, on the other hand, 
seem to distinguish it from the disease which forms the subject of 
this paper, at least with reference to the cause or causes which pro- 
duce the curly-top symptoms. Furthermore, Miss Golden states on 
page 93 of the article above referred to, describing the disease under 
investigation by her, that ‘‘during the early growth of the plants no 
difference can be seen between the diseased and healthy ones, but as 
they develop, the outer leaves of the diseased plants wither, while the 
heart leaves curl up much more than the normal, are dull in color, and 
the under side has a mottled appearance, causing the leaves to resem- 
ble somewhat those of the Savoy cabbage.” 

According to the writer’s observations of the curly-top disease, the 
center or youngest leaves are the first to show the disease by their 
curled and puckered appearance. If the disease appears early in the 
life of the plant all the leaves may be affected, as shown in Plate III, 
figure 1. The leaves do not usually become dull in color and the 
outer ones do not necessarily wither or even wilt in the first stages of 
the disease, although they sometimes wilt and frequently become a 
few shades duller as the disease progresses. When examined by 
transmitted light, the leaves of curly-top beets often persent a mottled 
appearance, but this is not usually to be observed by reflected light. 
Small but distinct elevations, of which no mention is made in the 
papers cited, are produced on the under surface of the curly-top leaves. 
(Pls. ILI, fig. 1, and IV, fig. 1.) Furthermore, no reference is made in 
these papers to an abnormal appearance of the roots of the diseased 
beets. In fact, the statement is made regarding what seems for some 
reasons to be curly-top in Indiana that the healthy and diseased roots 
can not be distinguished by any external characters. This may be 
true of the beets that are not affected until late in the season, but the 
roots of curly-top beets when attacked before the middle of the grow- 
ing season are decidedly hairy, as shown in Plate I. Curly-top may 
be a bacterial disease, but certainly it does not seem to be due to an 
organism so easily seen and so readily separated as that in the disease 
described by Arthur and Golden. 


¢Arthur, J. C., and Golden, Katherine E. Diseases of the Sugar-Beet Root. Bul- 
letin No. 39, part 3, Purdue University Agricultural Experiment Station, p. 54. 
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Dr. Erwin F. Smith,@ in charge of the Laboratory of Plant Pathol- 
ogy, Bureau of Plant Industry, in reviewing the work of Arthur and 
Golden expressed doubt in regard to bacteria being the cause of the 
disease of the sugar-beet root described by them and held that the 
trouble was curly-top. This led to a further study of this disease by 
Miss Cunningham.’ It was not clearly established by her investiga- 
tions, however, that the disease found in Indiana is due primarily to 
bacteria. Insumming up the results Miss Cunningham says, ¢“‘ Trans- 
fers of diseased tissue to the healthy beet root resulted in changed 
appearance of the plant which indicated almost certainly that the 
disease was transmitted.’ This still leaves the bacterial origin of 
the disease in doubt. Several citations to articles relating to bacterial 
diseases of the sugar beet were made by Miss Cunningham in con- 
nection with the article mentioned.“ 

These diseases were referred to by Sorauer ¢ as “‘bacterial gum- 
mosis,” by Kramer / as ‘‘bacteriosis,’ and by Busse 9 as “‘gum- 
mosis” of the sugar beet, but judged by the descriptions given, these 
diseases do not seem to be curly-top. 

Subsequent to the work done by Arthur, Golden, and Cunningham 
in this connection, Doctor Smith made numerous tube cultures and 
poured plates from the interior of diseased beets received from the 
Agricultural Experiment Station of Indiana, but with no definite 
results. Frequently the cultures were sterile; at other times a 
variety of organisms was obtained in small numbers, especially if 
the beets were somewhat wilted. It is evident, therefore, that 
with our present knowledge of the curly-top disease we should not 
designate it as a bacterial disease of the sugar beet. 

The remaining names of the disease in general use refer to certain 
characters of the affected plants, and it is largely a matter of judg- 
ment which one is most suitable. The names most commonly in 
use are ‘“‘blight’”’ and ‘‘western blight.” Either of these names 
might be used without confusion were it not for the fact that we have 


a@Smith, Erwin F. The Bacterial Diseases of Plants, a Critical Review of the 
Present State of Our Knowledge. American Naturalist, vol. 30, p. 116, 1896. 

6 Cunningham, Clara A. A Bacterial Disease of the Sugar Beet. Botanical Gazette, 
vol. 28, 1899. 

¢Cunningham, Clara A., 1. c., p. 188. 

@Cunningham, Clara A., 1. c., p. 191. 

€Sorauer, Paul. Note at end of a review of some papers on a disease of sugar cane. 
Zeitschr. f. Pflanzenkrankheiten, vol. 1, part 6, p. 360, 1891. 

f/ Kramer, Ernst. Die Bacteriosis der Runkelrube (Beta vulgaris L.), eine neue 
Krankheit derselben. Oecsterreichisches Landwirthschaftliches Centralblatt, vol. 1, 
part 2, pp. 30-36, and part 3, pp. 40-41, 1891. 

g Busse, Walter. Bakteriologische Studien uber die ‘‘Gummosis” der Zucker- 
riben. Zeitschr. f. Pflanzenkrankheiten, vol. 7, pp. 65-77 and 149-155, 1897. 
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in the middle and eastern parts of our sugar-beet area a true blight 
of the sugar beet due to the fungus Cercospora beticola Sacc. These 
might easily be distinguished as eastern and western blight of the 
sugar beet were it not for the circumstance that both may, and often 
do, occur in the same field in the middle part of the sugar-beet belt. 

The objection to the term ‘‘stunted beets” lies in the fact that this 
abnormality may be produced without developing the other symp- 
toms of curly-top; that is, a stunting of the beet may be brought 
about by causes which do not produce the other symptoms of curly- 
top, as shown in Plate X, figure 2. ‘‘ Whiskered beets” and “‘hairy- 
root”’ both refer to the peculiarity of the beet shown in Plate I, in 
which the small rootlets are very greatly multiplied. While this 
character is always noticeable on curly-top beets, it sometimes occurs 
on beets that do not possess the other symptoms of curly-top, and it 
is therefore undoubtedly produced by some condition that does not 
cause the development of all the symptoms of curly-top. Further- 
more, this peculiarity of curly-top beets is only to be observed when 
the beets are pulled up. On the other hand, the peculiar appearance 
of the leaves of beets affected with this disease is noticeable as one 
passes through a field of beets in which curly-top occurs. The writer 
has therefore proposed the name curly-top for lack of a better and 
more characteristic one, which it is hoped will be supplied when the! 
real cause of the disease is known. This character of the diseased 
plant is easily recognized and, as already pointed out, usually appears 
during the early life of the plant, but may become apparent in the 
latter part of the first season’s growth or even during the second’ 
season. 


POSSIBLE CAUSES OF CURLY-TOP. 


In different localities and under different soil and climatic condi- 
tions curly-top appears sometimes without any apparent cause and 
sometimes accompanied by parasites or abnormal conditions of soil 
and climate. Various theories have therefore been advanced in 
order to account for the occurrence of this disease in the various 
localities where it has appeared. Among the theories that seemed 
most plausible because of the conditions and circumstances attending 
the occurrence of the disease, and which have on that account received 
more or less consideration, are the following: 

(1) Bacteria. 

(2) Fungi attacking the leaves. 

(3) Fungi infesting the roots. 

(4) Insects. 

(5) Abnormal moisture supply. 

(6) Abnormal soil conditions other than moisture supply. 
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(7) Abnormal atmospheric conditions. 
(S) Poor seed. 
(9) A combination of unfavorable conditions. 
The following is a brief description of the methods employed and 
the results obtained in studying these possible causes of curly-top. 


BACTERIA. 


The symptoms of curly-top as already described suggest at first 
the presence of some parasite as the cause of the disease. The writer 
has made many attempts to prove or disprove the bacterial theory 
of curly-top. Nutrient agar plates have been poured from different 
parts of diseased beets of different ages and under different conditions 
of growth. In only a few cases has an organism been isolated, and 
such organisms have not induced the symptoms of curly-top with 
certainty In any case, as already stated on page 11. Inoculations 
have been made into various parts of healthy beets of different ages 
and under field as well as greenhouse conditions. 

It might be argued that the organism was not capable of growth 
on the culture media used, and therefore could not be separated in the 
usual way. With this possibility in mind, pieces of tissue were cut 
from different parts of distinctly diseased beets and inserted into 
incisions made in healthy beets of different ages and under different 
conditions of growth, but always with negative results under the 
conditions employed. 

FUNGI. 


FUNGI ATTACKING THE LEAVES. 


The general appearance of curly-top beets indicates a more or less 
starved condition of the plant, although a chemical examination of 
the diseased plant does not show an absence of the necessary food 
material, It is possible, however, that the cells of the diseased plant 
are incapable of utilizing the material that it has taken up. This led 
to the theory that the leaves might for some reason fail to perform 
their proper function and thus the whole plant become starved. 

One of the most serious natural injuries that has been observed as 
occurring on beet leaves is that produced by the fungus Cercospora 
beticola Sacc. Pure cultures of this fungus were obtained and the 
spores were sprayed upon healthy leaves until they became as thor- 
oughly infested with the fungus as possible. No symptoms of eurly- 
top appeared in any of the beets thus treated, either immediately 
after treatment or during any subsequent growth of the plant.  Like- 
wise in the fields where Cercospora was most prevalent, no cases of 
curly-top have been observed, even when the plants were almost 
entirely defoliated by the fungus. 
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In order to carry the theory of leaf injury to the farthest limit, 
several hundred sugar beets growing in the greenhouse had _ their 
leaves removed and were left otherwise undisturbed. (Pl. VII, 
fig. 1.) New tops were rapidly formed, all of which were in every 
respect perfectly normal. (Pl. VII, fig. 2.) The treatment was 
repeated in the field in the West, where curly-top has frequently been 
found. Some of the rows of beets selected for this purpose were 
entirely defoliated several times by means of a sharp knife with no 
apparent result except a marked retardation in the growth of the 
beets. Finally, in those localities where curly-top is most prevalent, 
the beet leaves suffer least from attacks of fungi and the atmospheric 
conditions are most favorable for the performance of the life functions 
of the leaf. If curly-top is due to any changed condition of the leaf, 
that condition is not induced by a reduction of the leaf surface or by 
the inability of the leaf cells to perform their normal functions, 


FUNGI ATTACKING THE ROOTS, 


In certain parts of the sugar beet area where curly-top is found 
m re or less frequently, the soil is sometimes permeated with a fungus 
th: t grows close to the main root of the beet, often matting the fibrous 
or :-eding roots together. This fungus often forms in the soil a 
network of white filaments easily seen with the unaided eye. Pure 
cult ires of the fungus, which proved to be a species of Fusarium, 
were obtained in the laboratory. The same fungus was found in 
fields containing diseased roots in widely separated areas, even from 
different States. Inoculations were made with this fungus, beets 
of different ages from seedlings with only two leaves to plants two- 
thirds crown being used. These inoculations were made both in the 
greenhcuse and in the field. In some instances the fungus was 
simply iaced in contact with the healthy root, and with other plants 
incisions were made in the roots and the fungus placed in contact 
with the cut surfaces; but in none of the artificial inoculations did 
the fungus seem to penetrate the tissues of the beets, and no symp- 
toms of curly-top were produced in any of the plants inoculated. 

A quaniity of soil was obtained from one of the fields where curly- 
top prevaiied in 1905, and this has been used for two years in growing 
sugar beet: in the Department greenhouses at Washington under 
a great variety of moisture and temperature conditions. In some 
instances the moisture has been applied to the surface of the soil only; 
in other cases the seed and resulting plants have been watered only 
from below. Some of the plants have been given an abundance of 
moisture, while others have received just sufficient to keep the soil 
barely moist enough to keep the plants active. The temperature 
has varied fro 85° F. to 50° F., some of the plants remaining con- 
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stantly ata high temperature, others at a low temperature, and still 
others at an intermediate temperature, Tt is noticed that if the soil 
is allowed to become somewhat dry the fungus appears among the 
soil particles and around the roots of the plants, but in all of these 
experiments the only result noticed was a difference in the size of the 
plants. In no case were curly-top symptoms induced in any of the 
plants grown in this soil under the conditions used. 

It should be added that the same fungus is often apparent in the 
soil, and even in contact with the beets, in fields where not a single 
case of curly-top can be found. Nevertheless, there may be condi- 
tions under which this or some other fungus in the soil may affect the 
beets directly or indirectly in such manner as to produce curly-top. 
In support of this theory is the fact that the writer has in a few in- 
stances found the mycelium of a Fusarium fungus actually growing 
into the tissue of the small roots of diseased beets. It can not be 
stated positively, however, that the disease is caused by a fungus 
until the disease can be produced at will by inoculations made from 
a pure culture of that fungus. 


THE USE OF FUNGICIDES. 


The fact that a fungus is found so frequently in connection with 
curly-top and that in a few instances a fungous mycelium has been 
found in the tissues of diseased beets has led to certain experiments 
with fungicides. The substances used were corrosive sublimate and 
copper sulphate. Solutions of different strengths were made and 
the roots of distinctly diseased beets were soaked in these solutions 
for different lengths of time. 

The copper sulphate solution first used consisted of 1 part of cop- - 
per sulphate in 3,000 parts of water by weight. One lot of beets was 
soaked in this for two minutes and another lot was soaked for five 
minutes. When removed from these solutions, the roots were all 
rinsed in distilled water. Upon examining these roots the following 
day, it was found that the fungus was not dead. The two lots of roots 
were again soaked for two minutes and five minutes, respectively, in 
the copper sulphate solution, 1 part of copper sulphate in 1,000 parts 
of water being used. This seemed to kill the fungus, and the beets 
were planted in 6-inch pots in the greenhouse. 

The mercuric chlorid solution consisted of 1 part) of mercurie 
chlorid in 1,000 parts of water by weight. One lot of beet roots was 
soaked in this solution two minutes and another lot was soaked five 
minutes, and both lots were then planted in 6-inch pots in the green- 
house. For comparison, a fifth lot of diseased beets was planted in 
6-inch pots in the greenhouse without any treatment. A number of 
beets in each lot, including the controls, began after several weeks to 
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present leaves with broader and smoother leaf blades, and in from 
three to four months the leaves were normal in shape. Some beets 
in each lot, including all treated lots, retained the curly-top symp- 
toms, although the fungus could not be found again upon the treated 
beets. 

It has been cbserved repeatedly that beets with distinct curly-top 
symptoms frequently recover to all appearances when kept for 
several weeks under normal greenhouse conditions, while others 
under similar conditions retain the symptoms of curly-top for months. 
In the vicinity of Washington, D. C., the treatment with fungicides 
would indicate that the destruction of the fungus growing in contact 
with the beet does not influence the recovery of diseased plants. 

It is not to be assumed that the foregoing treatments with fungi- 
cides are considered practical, even if they caused the diseased plants 
to recover. The experiments were undertaken wholly for the purpose 
of shedding light upon the possible relation of a fungus to the disease 
under investigation. 


INSECTS. 


Frequently curly-top is associated with some insect pest. This 
occurrence often leads the grower to the conclusion that the insect 
most prevalent upon the diseased beets is the cause of the disease. 
While one of the many insect pests that infest growing beets may be 
responsible for the disease, in the opinion of the writer this has not 
yet been demonstrated beyond doubt, although Doctor Ball, Director 
of the Utah Agricultural Experiment Station, who has done con- 
siderable work on this subject in cooperation with the Bureau of 
Entomology, holds that the so-called ‘‘white fly” is the cause of 
curly-top. @ 

Frequently the curling of the leaves of curly-top beets seems to be 
due to a failure of certain portions of the leaf tissues to develop 
beyond a certain stage, as shown in the younger leaves in Plate III, 
figures 1 and 2, while certain other leaf cells seem to make an abnor- 
mal growth, causing the development of projections on the lower 
leaf surface, as shown in sections of leaves in Plate IV, figure 1. 
Whether or not these and other abnormal characters of curly-top 
beets are due in any way to the work of insects can only be deter- 
mined by further investigations. 


«Ball, E. D. The Genus Eutettix. Proceedings of the Davenport Academy of 
Sciences, vol. 12, pp. 41 and 84 and plate 4, July, 1907. The Beet Leai-Hopper, 
16th Annual Report, Utah Agricultural Experiment Station, June, 1905, p. 16. 
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ABNORMAL MOISTURE SUPPLY. 
ENTIRE SEED BED TOO DRY. 


If one studies the curly-top disease in a restricted locality for a 
single season he will almost certainly be misled in his conclusions. 
With reference to no conditions attending the appearance of curly- 
top is this more generally true than with the moisture condition of 
the soil. In some localities where curly-top has been especially 
prevalent during certain seasons the seed bed has been particularly 
dry, so that the seeds germinated slowly and unevenly and the 
seedlings started with difficulty. As all other conditions so far as 
observed seemed favorable, it was fair to conclude that this one unfav- 
orable condition was responsible for the diseased condition of the 
beets. However, if one continues his observations in another locality 
or into another season he will find cases of curly-top in fields where 
the moisture conditions were entirely favorable for germination. 

In order to investigate this point still further, greenhouse experi- 
ments were conducted in which the minimum amount of moisture 
was used to germinate the seed, with the result that the seed was 
slower in germinating, but the seedlings, if given a sufficient supply 
of water, grew normally. If only a minimum amount of water was 
given the seedlings, they remained abnormally small, but otherwise 
showed no symptoms of curly-top. (Pl. X, fig. 2.) 


INSUFFICIENT SUPPLY OF MOISTURE AT TAPROOT. 


During the first few years in which curly-top was most destructive 
it occurred only in those localities in which there was a scarcity of 
moisture, and the diseased beets had the appearance of plants suffer- 
ing from a lack of moisture. This led several observers, including 
the writer,” to arrive at the conclusion that curly-top is due to a lack 
of moisture at the taproot of the beet. Subsequent observations 
in the field and carefully conducted experiments in the greenhouse 
have demonstrated that whatever may be the cause of curly-top it 
is not lack of moisture alone. 

In order to demonstrate more conclusively the effect of an insuffi- 
cient water supply, a number of seedling beets were started in the 
greenhouse in large pots of earth. Some of these plants were given a 
sufficient quantity of water so that they were constantly supplied 
with moisture, some being watered entirely from below so that the 
taproot was constantly supplied, while others had the water applied 
only to the surface of the soil. Still a third set of plants started at 


a Townsend, C.O. Some Diseases of the Sugar Beet. Report No. 72, United States 
Department of Agriculture, Progress of the Beet Sugar Industry in the United States, 
1901, p. 90. 
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the same time and under identical conditions received only enough 
moisture to keep them alive, and this was applied to the surface of 
the soil, the object being not to give sufficient water at a time to per- 
mit it to soak down and moisten the soil around the taproot. The 
results are shown in Plate X, figure 2, in which the dwarf plant (@) 
received only enough water to keep it alive. The leaves were normal 
except in size and the roots showed none of the curly-top symptoms. 


ENTIRE SEED BED TOO WET. 


The observations of recent years seem to prove that too much 
moisture during the early part of the season might possibly be 
responsible for the appearance of curly-top. However, a series of 
observations in different localities shows that a wet seed bed may do 
considerable damage to the stand by causing the seed to rot and the 
seedlings to damp-off, but this is not necessarily accompanied by 
curly-top. 

Greenhouse experiments along the same lines have demonstrated 
that an excess of moisture during the early life of the plant will not 
produce the disease. Likewise, a very wet seed bed not followed by 
the addition of moisture either in the form of rain or artificially 
applied does not, according to the observations made by the writer, 
insure freedom from curly-top in all cases. The distribution of dis- 
eased plants in the field, scattered as they frequently are here and 
there among the healthy beets, would prove that a seed bed too wet 
could not alone be responsible for the occurrence of diseased plants. 
Dr. Wilhelmj¢ is of the opinion that curly-top is closely connected 
with water supply, but this point does not seem to have been estab- 
lished by actual experiment and, as has already been indicated, one 
may reach almost any conclusion by extending or limiting his obser- 
vations. 


MOISTURE SUPPLY TOO VARIABLE. 


In some of the irrigated sections where a limited amount of water 
is divided among a large number of growers, it sometimes happens 
that too much time elapses between the irrigations, so that the beets 
suffer for a longer or shorter period from lack of moisture. When the 
water is obtained the beets are given as much moisture as the ground 
will hold with the hope of being able to keep them supplied until 
water can be obtained again from the ditch. Under these conditions 
curly-top has sometimes appeared. 

In order to determine the relation of variable moisture conditions 
to this disease, beets have been made to pass through their extremes 


@Wilhelmj, A. Eine Ejigenartige Riibenkrankheit. Zeitschrift des Vereins der 
Deutschen Zucker-Industrie, April, 1907. 
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of moisture and drought, the wet and dry conditions being carried 
farther and for a longer period in the experiment than in actual prac- 
tice. The results have been only dwarfed plants without any curly- 
top symptoms. These experiments, combined with many field 
observations of beet growing in which there was great variation in 
moisture supply, sometimes entirely unaccompanied by curly-top, 
lead to the conclusion that this condition alone is not sufficient to 
produce the disease. 


WATER TOO COLD WHEN APPLIED TO PLANT. 


Since irrigation streams are frequently supplied with large quan- 
tities of water produced from melted snow, especially in the early 
spring, and since the young plants are most frequently affected with 
curly-top, the theory has been advanced that the early irrigation 
waters are too cold. It is difficult to understand how cold water 
could induce curly-top in a few beets here and there throughout a 
field, and yet it is not impossible when we consider the individuality 
of the beet. It is likewise difficult to explain under this theory the 
late cases of disease that appear in the middle and latter part of the 
summer. 

However, in order to dispel all doubt in regard to the matter sev- 
eral series of beets were started in the greenhouse, and as soon as the 
seedlings appeared they were watered with ice water only. In some 
of the experiments the plants were watered with ice water every day 
or every two days, while in other experiments the interval between 
waterings was longer. These experiments were continued for several 
weeks without producing any curly-top symptoms. 

It might be added as further evidence against this theory that one 
field which has been under the writer’s observation for the seasons of 
1905 and 1906 is irrigated with water from warm springs, yet each 
season a few cases of curly-top have appeared. Hence, cold water 
applied at any time during the growth of the plants is not the pri- 
mary cause of curly-top. 


ABNORMAL SOIL CONDITIONS. 
SEED BED TOO COLD. 


It is well known that a damp, cold seed bed has a marked influence 
upon the germination and growth of plants. There is a strong desire 
on the part of seed growers to plant their seed as early as possible, so 
as to give the plants a long season to grow and also to be able to har- 
vest the beets before cold weather sets in. This practice sometimes 
leads the growers to plant before the ground is warmed to a normal 
planting temperature. While this condition has not always pre- 
ceded an outbreak of curly-top, it has sometimes been associated 
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with it, so it was decided to test the effect of a cold seed bed upon 
the growth of beets. Accordingly, an air cooler was installed in a 
small room in which the temperature could be controlled within cer- 
tain limits. Boxes of soil were placed at different distances from 
the cold-air generator and also at different distances from the floor, 
and the soil was maintained at such temperature that germination 
and growth proceeded with difficulty. An insufficient supply of 
light in the room used for the work prevented the experiment from 
being entirely satisfactory, but during the several weeks that the 
plants lived they showed no signs of producing curly-top symptoms. 


SEED BED TOO WARM. 


The fact that the later plantings are the ones that are occasion- 
ally most severely attacked by curly-top_raised the question with 
some growers as to the possibility of a too warm seed bed being the 
cause of the disease. In considering all the conditions under which 
curly-top is produced, especially the frequency of the disease in seed 
beds that are not above normal temperature, one must conclude that 
excessive warmth of the seed bed does not produce curly-top. 

To test artificially the effect of an abnormal temperature, some 
seedling beets growing in pots of earth were placed near the furnace, 
where the temperature which was recorded daily from a maximum 
and minimum thermometer varied between 72° and 104° F. While 
the plants made very little growth, owing to the excessive heat, they 
showed no signs of curly-top even after several weeks. 


SUBSOIL TOO HARD. 


In some localities where curly-top has appeared, a hard subsoil has 
been found to exist so close to the surface of the ground that the 
beet roots grow down and come into contact with it without being 
able to penetrate it. This condition does not obtain in all places 
where curly-top has been found. Indeed, the disease frequently 
occurs in localities where the soil is of a rich loamy nature to the 
depth of several feet. Furthermore, in many localities where there 
is a hardpan underlying a shallow soil, beets grow without develop- 
ing curly-top. The beets produced under these conditions may be 
dwarfed, they may extend abnormally out of the ground, or they 
may have sprangled roots, but these abnormalities do not necessa- 
rily accompany curly-top. 

LACK OF AVAILABLE PLANT FOOD IN THE SOIL. 
The apparent inability of curly-top beets to grow even where tem- 


perature and moisture conditions are known to be normal led some 
of the growers to assume that curly-top is due to a lack of avail- 
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able plant food in the soil. The inability of the badly diseased beets to 
grow would indicate either that the diseased plants were unable to 
take in the necessary plant food from the soil, from the atmosphere, 
or from both of these sources, or that having absorbed the necessary 
food material the plants were unable because of their diseased condi- 
tion to assimilate it. 

Experience has shown that plants growing in poor soil are no more 
susceptible to curly-top than those grown in rich soil. Further 
proof of the incorrectness of this theory is found in the fact that fields 
in which beets are utterly destroyed one season will without the 
application of any plant food produce a‘good yield and quality of 
perfectly healthy beets the following season. This has been demon- 
strated in actual practice under the writer’s observation every sea- 
son during the past six years. In one locality several thousand 
acres of beets were entirely destroyed by curly-top in 1903. The 
following season a large part of this area was replanted, and in 
every instance a most satisfactory crop of beets was obtained, the 
most diligent search failing to reveal a single case of curly-top. 
Many of these fields received no special treatment for the crop of 
1904, and if there had been a lack of plant food during the season 
when the disease was prevalent it is fair to assume that there would 
have been the same lack of available plant food the following sea- 
son. Again, a lack of available plant food would not affect 50 per 
cent of the beets in a field and leave the remaining ones perfectly 
healthy, especially with the two kinds scattered about over the entire 
area and standing, as they frequently do, within 8 or 10 inches of 
each other. 

Plate X, figure 1, shows the fourteenth consecutive crop of beets 
on the same field without a single case of curly-top. Furthermore, 
sugar beets are frequently grown on soils that have become appar- 
ently exhausted by numerous grain crops; but it is very seldom that 
any cases of curly-top are found in these fields. Curly-top may be 
due to a starved condition of the beets. but if so the trouble is with 
the beet and not with the soil in which it grows. 


LACK OF HUMUS IN THE SOIL: 


The two main sources of humus for the irrigated lands of the West 
are stable manure and alfalfa. The small amount of stable manure 
produced as compared with the large area to be supplied with humus 
makes it impossible to obtain enough humus from this source to put 
the soil in the proper physical condition. Formerly it was customary 
with many farmers to let the alfalfa fields remain undisturbed for a 
long series of years if they continued to furnish a paying quantity of 
alfalfa. Under such conditions many of the other cultivated field 
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crops suffered for want of humus, and the same conditions prevail in 
some localities at present, though many farmers now use alfalfa as a 
rotation crop, plowing it under after only three or four years. How- 
ever, the scarcity of humus, especially in earlier years, has sometimes 
been associated with curly-top, a circumstance which led to the 
advancement of the theory that the scarcity of humus was the cause 
of the disease. 

Observations of more recent years have tended to discredit this 
theory. For example, in some of the extensive wheat-growing areas 
of the West it has sometimes been customary to grow wheat after 
wheat for a number of years, in some cases even until the yield was 
no longer profitable. During these years of wheat growing, fre- 
quently no humus was added to the soil except the small amount 
furnished by the stubble. If, now, beets are grown in this soil the 
first crop will be poor; that is, the beets will be small but no curly- 
top will necessarily appear. The second crop of beets will be better 
than the first, and the third crop will be better than the second, even 
without the addition of any humus, but in no case will there be any 
curly-top that can be attributed to the lack of humus. On the con- 
trary, curly-top has been found in more recent years just as frequently 
in fields well supplied with humus as in those that are deficient in 
this material. Furthermore, the fact that beets will thrive without 
the addition of humus in fields where they were entirely destroyed 
the previous season by curly-top is proof that the lack of humus alone 
is not the cause of this disease. 


TOO MUCH ALKALI IN THE SOIL. 


Many growers of beets in the more alkaline regions have associated 
curly-top with the presence of alkali. It is well known that the 
amount of alkali in certain layers of the soil varies from season to 
season and from time to time during the same season. Without any 
means of determining the amount of alkali in the soil it was assumed 
that the alkali was especially abundant in those spots or localities 
where the disease appeared. More recent observations have shown 
that the soil may contain a sufficient quantity of alkali to kill the 
plants without producing curly-top, and even if the quantity of 
alkali present is not sufficient to destroy the life of the plant, but 
only to interfere with its normal functions, a dwarfed plant will 
result, but none of the curly-top symptoms is necessarily produced. 
On the other hand, curly-top has been frequently observed in locali- 
ties where an abnormal amount of alkali is not present at any time 
during the season. 

Several series of greenhouse experiments were conducted to sup- 
plement the field observations in regard to alkali in relation to curly- 
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top. In these experiments sodium chlorid and sodium carbonate 
solutions were used. The solutions were made up in four strengths, 
namely, 1 part of the salt to 1,000 parts of water, 1 part of the salt to 
500 parts of water, 1 part of the salt to 100 parts of water, and a sat- 
urated solution. 

The plants. treated varied from seedlings 2 weeks old to beets 10 
weeks old. With the seedlings, 10 c. c. of the solution were applied 
at a time; with the older plants, from 20 to 50 c¢. c. of the solution 
were given each beet at each application. The dilute solutions were 
applied to the plants daily for thirty-two days. Some of the plants 
died, while others remained alive, but assumed a yellowish tint with- 
out showing any signs of curly-top. The seedlings that received the 
saturated solutions all began to wilt within thirty minutes after the 
solution was applied. Several of the plants died without showing 
any tendency to recover, while others began to revive in from five to 
seven days and continued alive for several weeks with the appear- 
ance of normal beets. In the case of the older plants, the dilute solu- 
tions made no appreciable difference in their appearance or growth, 
while the saturated solution caused the leaves to assume a slightly 
paler tint, but in no case did the characteristic symptoms of curly- 
top develop. 


SOIL TOO ACID. 


While the Bureau of Soils was making a survey of one of the im- 
portant sugar-beet localities in California in 1901,” certain observa- 
tions were made regarding the relation between the acidity of the soil 
and the blight, or curly-top. It was noted by Messrs. Lapham and 
Heileman, who had direct charge of the survey of the area mentioned, 
that many of the soils in the valley under observation were either 
neutral or slightly acid and that few of the soils showed even a slight 
effervescence with hydrochloric acid, indicating either a very small 
amount of carbonate of lime or none. They observed further that 
the soil was acid in those fields where the disease occurred in that 
locality and that the disease did not occur in this locality in any soil 
that was alkaline to litmus. These observations naturally led 
Messrs. Lapham and Heileman to the conclusion that the deficiency 
of lime as carbonate gives rise to a neutral or slightly acid condition 
of the soil, which is a very important, if not the most important, 
factor in the cause of beet blight, or curly-top. As indicated, how- 
ever, under the preceding theory, an alkaline condition of the soil does 
not prevent attacks of curly-top. Field observations and experi- 


@ Lapham, M. H., anid Heileman, W. H. Field Operations of the Bureau of Soils, 
Department of Agriculture. Soil Survey of the Lower Salinas Valley, California, 
1901, p. 506. 
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ments indicate that applications of lime, whether light or heavy, 
will not prevent curly-top. It is possible, however, that under some 
circumstances an acidity of the soil may be a factor in producing 
curly-top. 

IMPROPER PREPARATION OF THE SEED BED. 


A properly prepared seed bed is one that is plowed at the right 
time, under proper conditions of moisture, and to the correct depth 
without turning up too much raw soil. It must be worked at such 
time and in such manner as to conserve the moisture and to produce 
a firm seed bed below, with a fine mulch about 14 inches thick on the 
surface. Owing to the many conditions to be fulfilled in properly 
preparing a bed for beet seed, it is not surprising that in many of the 
fields in which curly-top has appeared one or more of these conditions 
have not been fulfilled. This was especially true several years ago, 
before beet growing was as well understood as it is at the present 
time. 

This theory was suggested by the appearance of curly-top in cer- 
tain fields, while in other fields in the same locality differently pre- 
pared to receive the seed, the disease was absent. More extended 
observations and experiments teach us that plants growing in the 
most thoroughly prepared seed bed are sometimes seriously affected 
with the disease. Again, the distribution of the diseased plants in the 
field, as previously mentioned, contradicts this theory. 


IMPROPER CULTIVATION OF THE BEETS. 


This may include both the time of cultivation and the method em- 
ployed. It is generally conceded that cultivation should be begun 
as soon as the rows can be followed, but in regard to the depth of 
cultivation and the distance that the cultivator teeth should be kept 
from the plants there is considerable difference of opinion among beet 
growers. One of the strongest arguments against the belief that lack 
of cultivation may be a cause of the disease is to be found in the 
abandoned or neglected beet fields which one occasionally finds here 
and there in different parts of the sugar-beet belt, inasmuch as these 
abandoned fields are frequently free from curly-top. If the method 
of cultivation.is a factor in producing the disease, it is presumably 
because of the injury to the side roots due to deep orclose cultivation 
or to both deep and close cultivation. We find that deep and close 
cultivation are practiced just as frequently in the areas where curly- 
top has never appeared as they are in those areas where the disease 
has been most destructive. 

By way of experiment a number of beets of different ages were 
injured by cutting the side roots with a large knife. The results so 
far as curly-top is concerned were negative. 
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The first operation in caring for the beets after they are up is that 
of thinning. It is well known that any delay in performing this 
operation will result in a decrease in the yield of beets to the acre, 
but so far as can be ascertained by field observations and greenhouse 
experiments the delay does not produce any of the symptoms of 
curly-top. 


INSUFFICIENT SUPPLY OF AIR AROUND THE ROOTS. 


It is well known that the roots of land plants must receive a suffi- 
cient quantity of air in order to produce a normal growth of the 
plant. The appearance of curly-top in many fields where a crust 
had formed on the surface of the soil led some observer to think 
that this disease might be due to a lack of air around the roots. A 
study of curly-top in other localities established the fact that the 
disease is not confined to those fields where a crust has formed on 
the surface, nor even to those localities where the soil is of such a 
nature that the crust forms readily under the conditions that prevail 
during the early life of the plants. 

In some instances curly-top has appeared in localities where there 
was an excessive supply of moisture in the early part of the season. 
This led to the suggestion that too much moisture at the taproot, 
if continued for some time, might produce curly-top by cutting off 
the air supply. In some of the many sections of the sugar-beet 
area certain seasons have been excessively wet. Some fields not 
properly drained have been for a number of days under water. This 
abnormal condition, if of sufficient duration, invariably results in a 
weakened condition of the beets, as indicated by the yellow color 
of their leaves, a state from which they may eventually recover to 
a considerable extent if normal conditions are restored and allowed 
to continue. In no case where these excessive rainfalls have oc- 
curred and abnormally wet conditions have prevailed for several 
weeks have any symptoms of curly-top been observed. 

Curly-top usually occurs in the irrigated sections, where the danger 
of excessive moisture is, of course, at aminimum. In the greenhouse 
this abnormally wet condition of the taproot has been repeated with 
plants of different ages and at different temperatures with similar 
negative results. As already pointed out, curly-top often appears 
in those fields where the soil is well drained and under thorough 
cultivation and thrives where the conditions for a proper air supply 
are best. While a lack of air around the roots may be a secondary 
factor in producing curly-top, it certainly is not the primary cause 
of this disease. 
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ABNORMAL ATMOSPHERIC CONDITIONS. 


ATMOSPHERE TOO COLD AT TIME OF GERMINATION. 


The experiment just described served also to illustrate the effect 
of a cold atmosphere upon the young beet plants. Aside from 
retarded growth, no abnormal symptoms were observed.  Fre- 
quently in the field one finds that the desire to plant early leads to 
the production of seedling beets before the cold nights are over, so 
that the young plants are subjected to extremes of temperature. 
While these conditions have sometimes been followed by a more or 
less severe outbreak of curly-top, there have been so many excep- 
tions that one is led to the conclusion that no relation exists between 
curly-top and the cold atmosphere. 


HOT, DRY WINDS. 


In many fields where curly-top appears, windbreaks are to be 
found along one side of the field. These windbreaks may consist 
simply of a fence, or of a row of trees, or of a field of grain. It has 
been frequently observed that the beets growing close to the wind- 
break, -and therefore most completely protected from winds, are 
least affected by curly-top. (Pl. IX, fig. 1.) These observations 
lead to the theory that hot, dry winds blowing over the beet fields, as 
they often do nearly every day at certain hours in some localities, 
induce the disease. 

In order to produce as nearly as possible the same conditions arti- 
ficially, a number of seedling beets were started in pots in the green- 
house, and when firmly established were placed in the laboratory 
engine room, where the heated air from the boiler could be blown over 
the plants. This was accomplished by arranging an electric fan on the 
same level with the plants and allowing the fan to blow the hot air 
from the boiler over them for several hours each day. The plants 
were supplied with an abundance of moisture and all other conditions 
were normal, except that the light was not as intense as it would have 
been in the open. Several sets of plants were treated from two to 
four weeks in the manner described. Some of the plants died, pre- 
sumably from the treatment, but in no case did any symptoms of 
curly-top appear, either during the treatment described or during the 
subsequent life of those plants that were returned to the greenhouse 
alive. Therefore, the éxperiments thus far conducted along this line 
indicate that hot winds alone are not the cause of curly-top. At the 
same time it is difficult to explain why it is that the healthier beets 
are frequently found in the more protected localities. One exception 
to this general rule was observed during the summer of 1906 on the 
Department experimental farm at Amarillo, Tex. About one acre 
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of beets was grown for experimental purposes, and that part of the 
plot best protected from the prevailing winds by a plot of sorghum 
contained many specimens of curly-top. 


POOR SEED. 


More frequently than any other one factor in sugar-beet growing, 
the quality of the seed has been held responsible by the growers for 
the outbreaks of curly-top. Many of the men who hold to this theory 
have no definite idea in regard to what constitutes the particular poor 
quality of the seed that causes curly-top to develop. Some growers, 
however, believe that there is in some seeds an inherited tendency 
toward, the disease, while others maintain that small or poorly devel- 
oped seeds produce weak plants that are unable to grow in a normal 
manner and are therefore easily attacked by disease. 

Whatever view is held in regard to the details of this theory, the 
distribution of the diseased plants in the field—a badly diseased 
plant often standing within a few inches of a perfectly healthy one— 
would tend to support the poor-seed theory. On the other hand, 
we find a number of circumstances that appear to render this theory 
impossible. In 1903 curly-top destroyed 50 per cent of the beets in 
a certain locality, and the seed used was a part of a shipment the 
remainder of which was used, according to good authority, in two 
other localities. In the second and third localities where this seed 
was used practically no curly-top developed. It should be further 
noted that some fields in the badly diseased locality were entirely 
free from curly-top, although they were planted with seed from the 
same shipment. If all fields and all localities in which this seed was 
used had been equally affected we would have strong proof of the 
poor-seed theory. 

In 1904 certain fields reported to have been planted from the same 
sack of seed were variously affected, some being very badly diseased 
and others practically not at all. If curly-top is due to the quality of 
the seed, it would be difficult to explain why some seed beets show 
curly-top symptoms during the second year’s growth when they were 
to all appearances perfectly healthy during the first season of their 
existence. 

In experiments with small seeds as compared with large ones, the 
plants in both cases have been equally free from curly-top. In these 
experiments it must be remembered that the size of the seed ball does 
not indicate the size of the individual seed. This latter point can 
be determined only by close examination of the seeds to be used. 

Finally, the same quality of seed is generally used in different parts 
of the sugar-beet area. If curly-top is due to inferior seed it will be 
necessary to find some explanation for the entire absence of curly-top 
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in certain portions of the sugar-beet area. Whatever the cause of 
curly-top may be, the bulk of the evidence indicates that the quality 
of the seed is not the primary factor in its development. 


COMBINATION OF UNFAVORABLE CONDITIONS. 


Negative results in matters like the foregoing are conclusive only 
so far as they relate to existing conditions: and circumstances, and it 
must be remembered that under other conditions the same agent or 
factor might give positive results. Therefore, it can be stated with 
certainty only that the factors discussed are not responsible for curly- 
top under the circumstances and conditions under which the observa- 
tions and experiments were made; that is, there may be conditions 
not yet investigated in which the fungus, for example, may produce 
the curly-top symptoms. Or it may be that some fungus other than 
the one isolated may yet be found to be responsible for the disease. 
In considering the possible factors that might cause curly-top, many 
combinations of unfavorable conditions have been suggested and 
many of them have been investigated. ‘In this connection the theo- 
ries mentioned may conveniently be considered under the following 
groups, namely: Parasites, soil conditions, weather conditions, cul- 
tural conditions, and seed. 

The bacterial and fungus parasites isolated have been tested; 
that is, inoculations have been made into healthy beets of different 
ages, from seedlings a few days old to beets one-half to two-thirds 
grown. Both field and greenhouse conditions have been tried; the 
field conditions under various methods of irrigation, the greenhouse 
conditions under different degrees of temperature and moisture. 
Various combinations of soil conditions have been made, dry and 
moist soil being used at temperatures varying from 80° F. to 50° F. 
Dry and moist soils were combined with hot, dry winds, and conse- 
quently hot, dry winds were combined with dry and moist soils. 
The same seed was tried under different conditions of soil with respect 
to dryness and moisture, with respect to alkalinity and acidity, and 
with respect to temperature and time of planting. In none of the 
combinations of unfavorable conditions that have been tried have 
any indications of curly-top traceable to these conditions been pro- 
duced. It is entirely possible that some combination of conditions 
will be found that will produce the curly-top symptoms. However, 
the matter does not seem as simple to the writer as it is expressed by 
Doctor Wilhelmj ® when he says the beets do not become diseased 
whether they have a great deal of moisture or none at all in the form 
of rain during the first part of their growing period, but that they do 
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become diseased if a hard rain falls after a period of drought. It is 
undoubtedly true that the digestion of curly-top beets has become 
abnormal, as Doctor Wilhelmj states,¢ but the cause of this dis- 
turbance has, in the writer’s opinion, not yet been established. 


NONCONSECUTIVE APPEARANCE OF CURLY-TOP. 


One of the most important facts in regard to curly-top is that it 
very seldom appears two consecutive years in the same locality. 
During the six years that this disease has been under observation 
by the writer it has been destructive during two consecutive years 
in but one locality, and in this case the relative number of diseased 
beets was not nearly so great the second year as it was the first. In 
general, it may be said that the appearance of curly-top in a given 
locality one season does not in any way endanger the crop for the 
following year. As previously stated, the locality in which curly- 
top was so destructive in 1903 had an exceptionally good crop in 
1904, practically no cases of curly-top being found even in the fields 
in which the beets were entirely destroyed the preceding year. 


BEETS RESISTANT TO CURLY-TOP. 


The distribution of healthy beets among diseased ones in many 
badly infested fields, as shown in Plate [X, figure 2, would seem to 
indicate that certain beets are resistant to curly-top. For the pur- 
pose of breeding plants resistant to this disease, several hundred 
healthy beets were selected and siloed. Care was taken to find 
healthy beets that were growing close to badly diseased ones, so that 
in case of possible communicability of the disease we would have 
those that were unmistakably resistant. Selections of this kind were 
made in different localities in 1902, 1903, and 1904. In each case 
the siloed beets came through the winter in good condition for plant- 
ing, and very nearly all of them produced seed which was of good 
quality. The difficulty in determining whether or not the seed would 
produce beets resistant to curly-top was found in the fact that it is 
impossible to predict where the disease will occur in any given season. 
It has never been serious in more than three or four localities at one 
time, and these more or less restricted; and the fact already pointed 
out that it practically never occurs two years in succession in the same 
locality makes it impossible to know where to grow the beets to deter- 
mine whether or not they are resistant to curly-top. Even if we 
knew in what locality the disease would occur, the fact that adjacent 
fields or different parts of the same field are affected to very different 
degrees so far as the appearance of the disease is concerned would 
still render the problem impossible of solution from this standpoint. 
Again, it would seem that plantings made in any locality just as soon 
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as the disease makes its appearance ought to help in determining the 
resistance of plants; but observation has shown that plantings 
made with the same seed, but a few days before or after certain 
badly diseased fields were planted, are frequently but slightly if at 
all affected with curly-top. 

At one of our sugar-beet stations where a quantity:of seed selected 
for curly-top resistance was planted along with twenty-five other 
varieties and strains, some curly-top beets were found in each plot. 
This seed was all planted on April 22, 1907, and each plot received 
the same treatment throughout the season. At the end of the grow- 
ing season a careful count of all the curly-top beets found among 
each of the twenty-six varieties and strains grown on equal areas 
showed that for every 10.7 beets affected with curly-top found 
among those grown from seed selected for curly-top resistance there 
were from 22 to 124 among the other twenty-five varieties and 
strains not selected for resistance. A large number of selections 
were made from the plot that indicated curly-top resistance, and 
this strain will be perpetuated and improved with a view to making 
it entirely resistant to curly-top. 


COMMUNICABILITY OF CURLY-TOP. 


All evidence thus far obtained is against the transmission of curly- 
top from plant to plant by any known means. In the field we find 
beets badly diseased growing side by side with others to all appear- 
ances perfectly healthy. It is not uncommon for this condition to 
exist throughout the season. Furthermore, several instances have 
been observed by the writer in which two plants have been found 
growing in close contact with each other, one showing all the symp- 
toms of curly-top and the other presenting a perfectly normal appear- 
ance. This state of contact continued throughout the season without 
developing any curly-top symptoms in the healthy beet. Bits of 
tissue have been cut from diseased beets and inserted in incisions made 
in different parts of healthy beet roots, but in no case has curly-top 
developed under the conditions used. No definite conclusion can be 
reached regarding the point, however, until the exact cause of curly- 
tcp is known. 

PERSISTENCE OF CURLY-TOP. 

In almost all cases, beets that have become unmistakably affected 
with curly-top either die from the effects of the disease before the end 
of the season or, if the beets continue to live throughout the season, as 
they frequently do unless the outbreak is very severe, the curly-top 
symptoms remain apparent. No amount of special attention seems 
to be effective in restoring the diseased beets to a normal condition so 
long as they remain in the field where they were first attacked. In 
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some instances if they are taken up and removed to some other soil 
they seem to recover after several weeks, so far as the appearance 
of the leaves is concerned. Thus, a badly diseased beet transplanted 
to a greenhouse of the Department of Agriculture in August, 1902, was 
photographed six months later, showing the flat leaves commonly 
found on healihy beets. (PI. VI, fig. 2.) This change does not always ; 
take place, however, even when the beets have been placed under 
different climatic conditions and transplanted into entirely different 
soil. 

Some badly diseased beets planted in the greenhouse in August, 
1905, still retained their curly-top symptoms even at the end of eight 
months. If the diseased leaves are removed the new set produced 
shows all the leaf symptoms of curly-top. If the new set of leaves is 
in turn removed the third set may be as badly affected as the first or 
second, as demonstrated by repeated experiments in the greenhouse 
and in the field. If the beets are left in the field and given special 
attention in the way of irrigation, cultivation, etc., the curly-top con- 
tinues to develop in the same way and to the same extent as in the 
adjacent rows where the beets have received no special attention. 


SUMMARY. 


Curly-top is not identical with any disease of the beet previously 
described, except possibly that described from Indiana. 

It is a distinct disease with well-marked symptoms. 

It has not been reported with certainty from any country other 
than the United States. 

It has thus far been confined to the middle and western parts of 
this country. 

It is capable of appearing under a great variety of soil and climatic 
conditions. 

It does not seem to be produced by any one abnormal condition of 
soil or climate. 

It does not seem to be due to any parasite isolated thus far. 

It does not seem to be due to the condition of the seed. 

It attacks stock and garden beets as well as sugar beets. 

It is not limited to beets of any particular age. 

It does not seem to be communicated directly from beet to beet. 

It has not appeared to any serious extent two years in succession 
in the same locality. 

There are indications that a strain of beets resistant to curly-top 
may be developed. 

Growers need not hesitate to plant beets ina field even though their 
entire crop of beets in that field was destroyed by curly-top the pre- 
ceding year. 
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DESCRIPTION OF PLATES. 
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Prare I. (Frontispiece.) A sugar beet four months old, showing the usual external 
symptoms of eurly-top—the curled and twisted leaves with greatly shortened 
stems and poorly developed blades, but abnormal in number; also the excessive 
development of side roots on the dwarfed main root. (Natural size.) 

Pirate II. A healthy sugar beet four months old for comparison with the diseased beet 
shown in Plate I. (About one-fifth natural size.) f 

Puate Ill. Fig. 1.—Leaves from a sugar beet three months old affected with curly- 
top; one leaf from each whorl. The rough lower surfaces are apparent as well as 
the short petioles and undeveloped and twisted blades. (About three-fourths 
natural size.) Fig. 2.—Leaves from a healthy beet of the same age as that shown 
in figure 1; one leaf from each whorl. The young leaves are not yet fully 
expanded. (About one-fourth natural size.) : : 

Puare IV. Fig. 1.—Cross section of a healthy leaf through a vein, showing the posi- 
tion of the tissues. Fig. 2.—Section of a leaf through a vein of a curly-top leaf, 
showing the annormal position of the fibro-vascular bundle and the unnatural 
cell development producing among other changes the projections on the lower 
surface of the leaf. 

Puate V. Fig. 1.—Cross sections of a sugar beet four months old affected with curly-top. 
The cuts were made at intervals of 1 inch, beginning 1 inch from the crown. The 
rings of fibro-vascular bundles show the dark color characteristic of curly-top. 
The rings are more striking in the larger part of the beet; each section, however, 
has the dark color. (About natural size.) Fig. 2.—Cross sections of a healthy 
sugar beet of same size as that shown in figure 1. Fibro-vascular bundles are 
apparent, but are not dark. The photographs for both figures were taken one hour 
after cutting. The sections for figure 2 were made at intervals of 1 inch, begin- 
ning 1 inch from the crown, as in figure 1. (About natural size.) 

Puate VI. Fig. 1.—Longitudinal section of a sugar beet four months old affected with — 
curly-top, showing how the dark fibro-vascular bundles are continuous through- 
out the length of the plant. (About four-fifths natural size.)* Fig. 2.—A sugar 
beet that was obtained in August, 1903, at which time it had all the symptoms of 
curly-top shown in Plate I. This photograph was made seven months later, and 
the leaves have almost no curled appearance. The plant appears to have recovered 
from the curly-top. (About two-sevenths natural size.) 

Prate VII. Fig. 1.—Beets six weeks old defoliated just above the crown by means of a 
sharp knife. Conditions for growth remain normal. Fig. 2.—The same plants 
four weeks later, showing new vigorous tops free from even the slightest symptom 
of curly-top. 

Puate VIII. Fig. 1.—Garden beets four months old showing symptoms of curly-top. 
These beets were in a row on south side of seed beets among which were a number 
of cases of curly-top. Fig. 2.—Garden beets from same row showing no sign of 
curly-top. é 

Puate LX. Fig. 1.—Field that was planted to sugar beets and a good stand obtained. 
Curly-top has destroyed all the beets in the foreground. In the remainder of the 
field there are many cases of curly-top, but the beets continue to live. Fig. 2.— 
Field of beets affected with curly-top, showing the possibilities of selection for 
curly-top resistance. Not more than | per cent of these beets are free from curly- 
top. ; 

Puate X. Fig. 1.—Field showing the fourteenth consecutive crop of beets free from 
curly-top, proving that successive planting of beets without crop rotation will not - 
of itself produce the disease. Figure 2 represents three plants (A, B, C) which 
received treatment as follows: A received an abundant supply of water from below 
only, B received an abundantsupply of water from the surface only, and Creceived 
just enough water to keep the plant alive, but never enough at any one time to 
soak down to the taproot. The plant C, although small, is in all respects perfectly 
healthy; that is, it possesses no symptoms of curly-top, which shows that an 
absence of moisture from the taproot is not a condition which in itself will produce 
curly-top. Plants A, 6, and C are of exactly the same age. (About one-eighth 
natural size.) 

Pruate XI. Fig. 1.—Stem of seed beet affected with curly-top. This plant showed no 
indication of curly-top during its first season’s growth. Fig. 2.—Stem of healthy 
seed beet for comparison with that shown in figure 1. : 
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A HEALTHY SUGAR BEET FOUR MONTHS OLD. 


(About one-fitth natural size. 
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Fic. 1.—LEAVES FROM A SUGAR BEET THREE MONTHS OLD AFFECTED WITH CURLY-TOP. 
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Fic. 2.—LEAVES FROM A HEALTHY SUGAR BEET THREE MONTHS OLD. 


(About three-fourths natural size.) 


(About one-fourth natural size. 
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Fic. 1.—CRoss SECTION THROUGH A VEIN OF A Beet LEAF AFFECTED WITH 


Fic. 2.—Cross SECTION THROUGH A VEIN OF A HEALTHY BEET LEAF. 
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Fic. 1.—Cross SECTIONS OF A SUGAR BEET Fic. 2.—Cross SECTIONS OF A HEALTHY 
FouR MONTHS OLD AFFECTED WITH Sua@arR BEET THREE MONTHS OLD. 
CuRLy-T op. About natural size. 


(About natural size. ) 
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FiG. 1.—LONGITUDINAL SECTION Fic. 2.—A SUGAR BEET PLANT THAT HAS APPAR- 
OF A SUGAR BEET ABOUT FOUR ENTLY RECOVERED FROM AN ATTACK OF CURLY- 
MONTHS OLD AFFECTED WITH Top. 

CurLy-T op. (About two-sevenths natural size.) 


(About four-fifths natural size. 
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Fic. 2.—THE SAME BEETS SHOWN IN FIGURE 1 WITH NEW ToPS FOUR WEEKS AFTER 
DEFOLIATION. 
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Fic. 1.—SUGAR BEET FIELD IN WHICH NEARLY ALL THE PLANTS IN THE FOREGROUND 
HAVE BEEN DESTROYED BY CURLY-T OP. 
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FiG. 2.—FIELD OF SUGAR BEETS SERIOUSLY AFFECTED WITH CURLY-TOP, SHOWING 
HERE AND THERE AN APPARENTLY HEALTHY BEET. 
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FIG. 1.—THE FOURTEENTH CONSECUTIVE CROP OF SUGAR BEETS IN A FIELD ENTIRELY 
FREE FROM CURLY-T OP. 


Fic. 2.—SUGAR BEET PLANTS THREE MONTHS OLD IN Pots, SHOWING THE EFFECT OF 
VARIOUS METHODS OF WATERING. 


(About one-eighth natural size.) 


PLATE Xl. 
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Fig. 1.—STEM OF SEED BEET AFFECTED WITH CURLY-T OP. 


Fic. 2.—STEM OF HEALTHY SEED BEET. 
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LETTER OF TRANSMITTAL. 


Unirep Srares DeparrMent or AGRICULTURE, 
Bureau or Puant Inpustry, 
Orrice or THE CHIEF, 
Washington, D. C., November 22, 1907. 

Sir: I have the honor to transmit herewith a manuscript entitled 
“The Decay of Oranges While in Transit from California ” and to 
recommend that it be published as Bulletin No. 123 of the Bureau 
series. It has been prepared by Mr. G. Harold Powell, Pomologist 
in Charge of Fruit Transportation and Storage Investigations, as- 
sisted by Messrs. A. V. Stubenrauch, L. S. Tenny, H. J. Eustace, 
G. W. Hosford, and H. M. White, all of Field Investigations in 
Pomology, and has been submitted by Mr. William A. Taylor, Pomol- 
ogist in Charge of Field Investigations, with a view to publication. 

The investigations summarized in this manuscript are unique in 
that they have involved the actual handling and careful inspection 
of large quantities of oranges through all the various operations 
to which the fruit is subjected in its progress from the trees in 
California to the markets in eastern cities. This has included the 
actual custody of numerous carload lots of fruit while in transit 
under different methods of railroad transportation. The investiga- 
tions, in general, have been conducted on a commercial scale and 
under commercial conditions, with a view to securing accurate data 
regarding the practical requirements and needs of different phases 
of the industry, but the laboratory method has been applied to the 
fullest extent practicable under the conditions existing in the field, 
the packing house, the storage warehouse, the railroad car, and the 
salesroom. 

The perishable character of the product under investigation, taken 
in connection with the physiological and economic factors involved 
in its harvesting, transportation, and sale, has apparently been re- 
sponsible for much of the misapprehension that has hitherto existed 
regarding the causes of decay of California oranges in commerce. A 
satisfactory determination of those conditions has required continuous 
observation of large numbers of representative lots of fruits simul- 
taneously at distant points. No individual producer or receiver has 
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found it practicable to make such an investigation. In fact, it 
developed early in the investigation that the problems could be 
promptly and economically solved only through the development of 
an organized corps of scientific workers who could prosecute different 
phases of the work simultaneously in the producing sections, in 
transit, and in some representative eastern market, maintaining con- 
tinuous communication by mail and telegraph, so that the conditions 
to which the various shipments of fruit had been subjected could be 
thoroughly understood. Such a corps of workers has been gradually 
built up in this work, and the results set forth herein are believed to 
fully justify this feature of the Bureau organization. 

The present paper is the first formal and comprehensive publi- 
‘ation of the results of these investigations. It should be stated, 
however, that the various branches of the industry have been 
informed from time to time regarding the progress of the work. 
This has been accomplished through addresses delivered before meet- 
ings of growers and of various organizations of warehousemen, re- 
frigerating engineers, and railroad men, as well as through the 
personal contact of a large number of packing-house foremen with 
the experimental work. Occasional circular letters summarizing the 
conclusions reached have been sent to the individuals and associations 
interested. 

Largely as a result of the thorough organization of the industry 
and the active cooperative spirit shown by the leading men in it, a 
prompt and general modification of methods has resulted and _ is 
still in progress. While the work is not yet complete, it is believed 
that the phases reported upon should be given wider publicity in all 
our orange-producing districts because of the bearing they are likely 
to have upon the handling of this and other fruits in commerce. 

The accompanying illustrations are necessary to a full understand- 
ing of the text. 

Respectfully, B. T. Gattoway, 
Chief of Bureau. 
Hon. James WItson, 
Secretary of Agriculture. 
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THE DECAY OF ORANGES WHILE IN 
TRANSIT FROM CALIFORNIA. 


INTRODUCTION. 


Soon after the United States Department of Agriculture, through 
the Bureau of Plant Industry, began a study of the storage and 
transportation of fruit the orange growers of southern California 
requested that an investigation be made of the decay in citrus fruits 
while in transit to eastern markets. ‘Fhe losses from decay were 
estimated variously to be from $500,000 to $1,500,000 annually. 

The financial importance of this large amount of decay to the 
orange grower and shipper, to the buyer, and to the orange- 
consuming public made an investigation of the possible causes 
desirable. 

A general survey of the industry was made in 1904, and for six 
months in each year since, experimental investigations have been car- 
ried on in an extensive way in the groves, in the packing houses, in 
the cars in transit to the East, and in the markets. 

As this investigation has been so closely related to all the opera- 
tions of the California citrus-fruit business, a general account of the 
industry will be necessary for a proper understanding of the dis- 
cussion of the causes of decay in oranges during shipment. 


GENERAL DESCRIPTION OF THE CALIFORNIA CITRUS-FRUIT 
INDUSTRY. 


The introduction of the Washington Navel orange in 1870 from 
Bahia, Brazil, by the United States Department of Agriculture under 
the name of the “ Bahia ” orange and the sending of two trees propa- 
gated from those introduced from Brazil to Mrs. L. C. Tibbets, Riv- 
erside, Cal., in 1873, mark the most important epoch in the history 
of citrus-fruit culture in California. There were many types of 
oranges growing in southern California at that time, most of which 
were descended from trees planted in the gardens around the old mis- 
sions by the Spanish fathers. None of these oranges equaled the new 
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Navel orange. This orange was a prolific bearer, the fruit of fine 
quality, the flesh meaty, juicy, and seedless, and the skin of a texture 
that insured good shipping quality, of a rich deep-orange color. The 
trees were of medium size, which made the groves more manageable 
than those of the tall-growing seedlings. This variety was named 
by the Californians the “ Washington Navel,” in honor of the city 
from which it was sent to them.” (PI. I.) 

The Washington Navel was widely planted in southern California, 
the State acquired a world-wide reputation for its citrus fruits, and 
a new era in orange culture in America began. In 1906-7 the 
Washington Navel crop in California reached a value of $12,500,000, 
with a gross value, including freight and icing charges, of $20,000,000. 

The two trees sent to California by the Department of eaeauaee 
are objects of historic interest in the city of Riverside at the present 
time. One of the trees was transplanted by the city from the Tib- 
bets place in 1903 and stands in a thrifty condition at the head of 
Magnoha avenue. The other tree, shown in Plate IT, figure 1, was 
transplanted in May, 1903, with the assistance of President Roose- 
velt, to the court of the Mission Inn. 


THE EXTENT OF THE CITRUS-FRUIT INDUSTRY. 


The citrus-fruit industry of California has grown up gradually. 
It began to assume commercial importance by 1880, and in 1886 
amounted to a thousand carloads of 800 boxes each. Between 1890 
and 1895 it had grown to from 4,000 to 7,000 carloads annually, and 
from 1900 to 1907 to between 25,000 and 32,000 carloads annually, 
i. e., from 6,000,000 to 11,000,000 boxes, having a gross value of about 
$1,000 a carload, or from $25,000,000 to $32,000,000. 

The lemon comprises from 10 to 15 per cent of the citrus crop. 
There are a few pomelos (grape-fruit) grown. Three-fourths of 
the oranges are of the Washington Navel variety, the remainder 
comprising the Valencia as the most important variety, with fewer 
of the St. Michael, Mediterranean Sweet, Thompson, Ruby, Maltese 
Blood, Jaffa, seedlings, and tangerines. There are probably from 
60,000 to 70,000 acres of citrus fruits in California, distributed among 
5,000 to 6,000 growers. From 90 to 95 per cent of the citrus fruits 
are shipped t to markets outside of California. 


“Vhe Washington Navel orange was first called ‘* Bahia ” re the late William 
Saunders, Horticulturist of the United States Department of Agriculture. ‘This 
name has been adopted by the American Pomological Society and appears in its 
catalogue of fruits. The name ‘ Washington Navel” is in almost universal use, 
however, and although of later origin than “ Bahia’ it will be used in this 
publication. 


123 


CULTURAL CONDITIONS IN THE CITRUS BELT. i 


THE LOCATION OF THE CITRUS-FRUIT INDUSTRY. 


The citrus-fruit industry has reached its greatest development in 
southern California, which is made up largely of the San Ber- 
nardino, San Gabriel, and San Fernando valleys. It has become 
most prominent in the foothill regions and lower lands extending 
down from the San Gabriel and San Bernardino mountains, which 
make up the Sierra Madre Range: in the Riverside district; at the 
base of the Temescal Range on the Corona bench, and in the Coast 
region in Orange and Los Angeles counties. There are smaller but 
not less favorable regions in Santa Barbara and Ventura counties, 
close to the mountains, and in San Diego County. 

In recent years the industry has been developing north of the 
Tehachapi Range of the Sierra Madre Mountains, especially in Tu- 
lare. Kern, Fresno, and Butte counties, though oranges are grown 
to a limited extent in other fruit-growing counties in the central and 
northern parts of the State as well. The greatest development has 
occurred in Tulare County, where the annual production is now 
about 2,000 cars of oranges, mostly of the Washington Navel variety. 
New plantings have been made which under favorable conditions 
may increase the annual production in that section to 10,000 cars in 
the next few years. 

The orange crop of northern California matures from four to six 
weeks earlier than it does in the southern part of the State, notwith- 
standing that it is from 200 to 500 miles farther north. This unusual 
condition is due to the topography of the Pacific coast. The large 
inland valleys of northern and central California le between two 
great mountain ranges extending north and south. The Coast Range 
Mountains shut off the modifying influences of the sea, causing rela- 
tively higher night temperatures during the summer months than 
prevail in the southern part of the State. 


CULTURAL CONDITIONS IN THE CITRUS-FRUIT BELT. 


Citrus fruits are grown in California on many types of soil under 
an intensive system of orchard management. Irrigation is nec- 
essary except from December to April, when the rainfall usually 
occurs. As in other horticultural industries there has not yet been 
developed a uniform system of management in respect to the han- 
dling of the soil, the use of water, the application of fertilizers, or in 
the handling of the trees. In a general way, it may be said that the 
tillage is frequent and thorough during the season from March to 
August or September; that cover crops, especially winter vetch, 
Canada peas, and burr clover, are coming into general use as a winter 
covering and as a means of improving the condition of the soil; 
that pruning, except with the lemon, is not systematically practiced ; 
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and that commercial fertilizers of various kinds are probably used 
more extensively than in any other orchard industry in the country, 
except in citrus-fruit growing in Florida. 

The groves are variable in size, the smaller ones containing from 5 
to 10 acres, the latter being a common unit of size. There are many 
of 15 to 20 acres or more, and the groves of some growers range from 
100 to 200 or more acres. There are a few large companies and cor- 
porations engaged in the business, some of them having from 250 to 
2,500 acres of citrus fruits. 

A Washington Navel orange tree three years after planting is 
shown in Plate IT, figure 2, and a typical view of orange groves in 
bearing is shown in Plate IIT, figure 1. 

The harvesting of the Washington Navel crop begins in Novem- 
ber in northern and central California, and extends to the middle 
of June or the first of July in southern California. The Valencia sea- 
son opens the latter part of May and extends into the latter part of 
September or the first of October, the trees at that time bearing the 
crop to be harvested and the partly developed fruit for the crop of 
the following season. The other varieties of oranges are harvested 
from February to July. The lemon is picked from the same grove 
in practically every month of the year, although the largest part of 
the crop is harvested from November to May, a single tree generally 
containing fruit in all stages of development from the blossoms to. 
the mature lemon. 
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METHODS OF HANDLING AND MARKETING THE CITRUS-FRUIT CROP. 


The citrus-fruit growers of California are as a class men of high 
intelligence, and many of them are of large business experience and 
capacity. Cooperation in the handling of the citrus fruits is the 
corner stone on which many of the successful business practices 
rest. Among the various systems of marketing the fruit there have 
been developed some of the best examples of cooperative organiza- 
tion among fruit growers to be found in America. 

These cooperative associations, organized primarily for the busi- 
ness of packing and distributing the fruit to market, handle from 
70 to 75 per cent of the entire citrus-fruit crop. 

There are also firms and individuals who pack, distribute, and sell 
fruit on commission for the growers. More or less of this fruit is 
sold f. 0. b.-cars in California, subject to inspection on, arrival in 
market, or for cash f. 0. b. cars in California, while some is consigned 
to distant merchants. There is also considerable buying of the fruit 
from the growers either by the pound or in lump in the orchard taken 
asa whole. There are a few growers and fruit-growing corporations 
who pack and market their own fruit. About 40 per cent of all citrus 
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fruits shipped from California is sold at public auction in eastern 
markets. brews 

_ Among the cooperative organizations, the California Fruit Grow- 
ers’ Exchange packs and sells through its own district agents in the 
markets somewhat more than 50 per cent of the entire citrus crop. 
This organization is formed to regulate the distribution of citrus 
fruits throughout the country and to give to its members the benefits 
that arise from its cooperative efforts of various kinds. This Ex- 
change represents about 4,000 growers, who are organized into more 
than 80 local incorporated associations, the primary function of which 
is to prepare the fruit for market. The associations in the different 
producing regions combine into one or more local incorporated dis- 
trict exchanges or selling agencies, which sell the fruit through the 
distriet agents or at public auction and receive the money therefor 
through the medium of the California Fruit Growers’ Exchange. 
There are 13 of these district exchanges. Each local district 
exchange selects a representative to act for it on the board of direc- 
tors of the California Fruit Growers’ Exchange, which is an incor- 
porated body acting as an agency or clearing house for the district 
exchanges in the marketing of their fruit and which operates for the 
growers without profit to itself. It takes the fruit of the district 
exchanges after it is packed, and with their cooperation and advice 
places it in the different markets of the country, sells it, collects the 
proceeds, and turns them over to the district exchanges, which in turn 
pay the growers through the local associations. The California Fruit 
Growers’ Exchange is the agency through which the grower is able 
to control the larger business problems and the general policy of 
the handling and marketing of the citrus-fruit crop. 

An association, whether a part of the California Fruit Growers’ 
Exchange or organized independently, is composed of a number of 
growers who are incorporated with a board of directors and officers 
for business management. The association usually owns its own 
packing house, where the fruit of the members is assembled and pre- 
pared for shipment, or the association may lease a packing house 
from a railroad. The fruit of an association is marketed in the name 
of the association or of the district exchange of which the local asso- 
ciation is a part, in the latter case both the name of the local associa- 
tion and the district exchange usually appearing on the package. 

The fruit of the growers of an association may be handled as an 
individual account, but the usual method is to ship the different 
grades of fruit of all the growers under brands selected for each 
grade, the individual grower losing his identity so far as the market 
is concerned when the fruit enters the packing house and has been 
graded. In handling the fruit in this manner, the shipping season 
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is divided into periods varying from two to six weeks in length, 
and these periods are known as “ pools.” When a pool covers a 
month, it is referred to as a “January pool,” “ February pool,” and 
soon. The members of the association are credited with the weight 
of each grade of fruit delivered, and at the end of a pool receive the 
pro rata of the proceeds represented by the quantity of fruit deliv- 
ered to the packing house during that pool. 

The responsibility of the association or of the individual or firm 
that packs and distributes or sells the fruit for a grower usually 
begins when the fruit is delivered at the packing house. The asso- 
ciation in a general way controls the time of delivery of the fruit of 
its members to the packing houses and the proportion of their crop 
that shall be delivered at one time, giving each member an oppor- 
tunity to furnish his pro rata of fruit during the marketing season, 
based on the relative percentage of his crop to the holdings of the 
association as a whole. Previous to the beginning of the investiga- 
tion by the Bureau of Plant Industry little attempt was made to 
exercise control over the conditions under which the fruit was har- 
vested and delivered for packing, but during recent seasons much 
careful attention has been given to these important operations. 

In most cases the fruit is picked by the owner or manager of a 
grove, or by labor under his direction, the labor being paid by the box 
or by the day. Frequently the fruit is picked and carted to the 
packing house by contract at a fixed price per box or rate per hundred 
pounds. Among the cooperative associations and individuals or 
firms shipping for growers or buying for cash, a system of gang 
picking is growing in favor as a means of insuring greater uniform- 
ity in the condition of the fruit. A picking crew with a foreman is: 
employed by the officers of an association, for example, and the fruit 
of the members of the association is picked by this crew. Under 
this system only skillful workmen need be employed and very efficient 
work is secured when the labor is directed by a competent foreman. 
Some association packing houses that do not have a picking gang 
employ a picking inspector, who sees that the fruit delivered by 
different growers to the packing house has been carefully picked. 

The most uniform results are secured when the same labor is em- 
ployed continuously. Since two or three pickings of oranges are 
made from the same tree during a season, this condition is not always 
practicable on the average ranch when the picking is done by the 
owner. Usually the owner has to secure such labor as is available 
for each picking, and often can not employ the same set of men more 
than once. This is especially true where the help is secured through 
Jabor agencies. Under these conditions there has been a lack of 
uniformity in the condition of the fruit from different groves and 
from the same grove at different pickings. 
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Among the laborers are found Americans, Japanese, Mexicans, 
Chinese, and a few of other nationalities. Experience has shown 
that the ability of the labor foreman is of more importance than the 
nationality of the crew in securing efficient work and that the general 
policy of those who employ the labor in respect to the care with 
which the fruit is to be handled is of greater importance than both. 


PICKING CITRUS FRUITS. 


In picking citrus fruits it is necessary to sever them from the 
branches with sharp clippers or shears. The fruit is then placed in 
a picking bag hold- 
ing from 20 to 50 
pounds, slung over 
the neck and shoul- 
ders of the picker. 
From this it is 
emptied into pick- 
ing or lug boxes, 
and in these the 
oranges are ‘deliv- 
ered to the pack- 
ing house. Some- —_— 
times the packing SS — 
or shipping boxes 
are used for this 
purpose once be- 
fore shipment. 
Formerly the most 
common type of 
shears in use was 
a small one with 
sharp-pointed, 
curved blades, 


| : Fig. 1.—Types of shears or clippers used in picking citrus fruits. A, a 
shown 1 figure i sharp-pointed type; B, clippers with blunt points; C, sheath clippers. 


A, which, when 

not handled with care, often punctured or cut the skin of the orange. 
Since greater care and attention have been given to the operation of 
picking, many new styles of clippers have been invented and put into 
use, most of them with rounded or blunt points. Blunt-pointed clip- 
pers are shown in figure 1, B, and another style, known as sheath 
clippers, in figure 1, C. 
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The packing houses are located either on the ranches or at the 
shipping stations, usually at the latter points. Some of the large 
corporations and a few individuals have the fruit packed in houses 
on the ranch, but the association houses and those of the other types 
of shippers are generally placed alongside the railroad at the ship- 
ping point. 

The houses vary in capacity from 1 to 15 carloads of fruit a day. 
The capacity of all the packing houses in California is said to aggre- 
gate from 400 to 600 cars a day, though the daily shipments do not 
average more than 150 cars during the main shipping season. In 
no other fruit industry have the appliances for handling the fruit 
in the packing house been so highly developed. The average orange 
packing house is equipped with box-making machines which nail 
together the boxes used for carrying the fruit to,market; specially 
constructed hand trucks for moving several picking or shipping 
boxes at a time; hoppers for receiving the fruit; washing tanks and 
scrubbing machines to remove the sooty-mold fungus, and drying 
racks in those sections where the fruit has to be washed; elevators 
to carry the fruit to the grading and sizing machines, drying racks, 
and other places; carrying belts or chutes; automatic weighing and 
recording scales for weighing the different grades of fruit of each 
erower ; series of padded bins, sometimes with self-adjusting bottoms, 
for receiving the different sizes of fruit; belts to carry the packed 
boxes; presses for covering the boxes; and sometimes a system of fans 
to assist in drying the fruit, and a machine to wrap the fruit auto- 
matically. All of the stationary machinery is run by power, making 
the interior of a large packing house in operation resemble the in- 
terior of a complex factory. 

There is a wide variation in the type and arrangement of the dif- 
ferent kinds of machinery. A general idea of the steps through 
which the orange passes may be gained from the following brief de- 
scription of a common type of house. The fruit is dumped from 
the field boxes into the hopper (see Pl. IV, figs. 1 and 2), which 
leads to rapidly revolving brushes (Pl. IV, fig. 1) which clean the 
fruit. From the brush the fruit is elevated to a sorting or grading 
table or grading belts, figure 2, where it passes before the grader and 
is sorted into two or more grades by hand. Each grade then runs by 
eravity or on belts through an automatic weighing machine (PI. V, 
fig. 1), where the weight of the grades of each grower is recorded, to 
the long sizing machine (PI. V, fig. 2), and from there, in various 
ways, to the packing bins seen in Plate VI. If the fruit is to be 
washed, it is first dumped into a tank of water; then run between 
orushes submerged in the water (Pl. VII, fig. 1) or with water run- 
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ning over them; then elevated or run to drying racks (PI. VII, fig. 2) 
or under a blast of air, after which it is usually run through all the 
steps described for brushed fruit, or the hopper and brush may be 
left out and the oranges delivered to the sorting table. There is a 
wide difference in the simplicity or complexity of arrangement of the 
packing houses and a similar variation in the speed with which the 
machinery is operated. A complex, undesirable type of house is 
shown in Plate III, figure 2, while a simpler and desirable arrange- 
ment of the machinery is shown in Plate VI. 

The packing of the fruit is done by men or women, the laborer 
being paid usually by the box, though sometimes by the day. The 
packers average from 40 to 100 boxes for a day of ten hours. 


Fic. 2.—Grading belts used in assorting oranges. 


The grading of citrus fruits is based on the general texture of the 
skin of the fruit, on its appearance as influenced by scars, and on the 
general form and style of the fruit. The grades have no refer- 
ence to the size of the fruit. There. are usually three grades 
packed—* Fancy,” “ Choice,” and “Standard.” Some packers also 
have so-called “ Extra fancy” and “ Extra choice” grades. <A 
“ Fancy ” orange is supposed to havea deep orange color, to be normal 
in form, fine in texture, with freedom from blemishes, and heavy 
and juicy. A “Choice” orange is supposed to have good color and 
good but not the finest texture. It may have a few blemishes. It 
should be free from frost damage and should be reasonably heavy 
and juicy. A “ Standard” orange may be quite badly scarred or 
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discolored, coarse in texture, and irregular in form, but should be 
merchantable shipping stock. Many frozen oranges are shipped as 
“ Standards.” A fourth grade, “ Culls,” is sold to the peddlers from 
the packing houses and is sometimes shipped to near-by markets. 
Many of the shippers are discarding the “ Fancy” and “ Choice ” 
grades and pack a grade called * Orchard run,” which represents the 
fruit of the orchard with the “ Standards” and “ Culls” out. The 
grades are usually shipped under brands which are selected for the 
different grades and not under the designation “ Fancy,” “ Choice,” 
or “ Standard.” The name “ Orchard run” is frequently used as a 
brand designation for that grade. 

Fach grade of oranges is divided into sizes, the extreme range 
of sizes varying from 48 to 420 oranges to the box. The most desir- 
able commercial sizes of the Washington Navel variety are in boxes 
containing 150, 176, 200, and 216 oranges. A standard box of Cali- 
fornia oranges is 12 by 12 by 26 inches outside measurement, divided 
in the middle by a partition, with an inside fruit space of 114 by 114 
by 24 inches. A box of oranges is estimated to weigh 72 pounds. 

A carof Washington Navel oranges, so far as the sizes are con- 
cerned, may contain boxes of all of the sizes. A car is called a 
“standard car” when it contains not more than 10 per cent of each 
of the following sizes—96, 112, and 250, and not over 20 per cent of 
the 126 size. The remainder of the car may be divided among the 
150, 176, 200, and 216 sizes. If a car is sold to a dealer at a fixed 
price per box, it is usual to allow a discount of 25 to 50 cents per box 
on the excess in the 96, 112, 126, and 250 sizes, and a discount of 50 
cents per box on the 48, 64, 80, 288, 300, 324, 360, and 420 sizes. The 
rule regarding the sizes in a standard car may vary with the season, 
with the section, and with the general size of the fruit taken as a 
whole. When oranges of either the large or small sizes are scarce they 
are at a premium, and the proportion in a car may be raised without 
discount. 


SHIPPING CITRUS ERUITS. 


The citrus fruits of California are distributed to markets through- 
out the United States and Canada, and to a limited extent to Euro- 
pean and other countries. They are shipped under a specially or- 
ganized refrigerator-car service. From November to the middle of 
March, during which period about one-half the crop is moved, the 
weather in California and throughout the territory en route to dis- 
tributing points is cool and shipments are made under ventilation 
without ice, the ventilation of the cars being regulated by the rail- 
road under instructions from the shipper. After the middle of 
March cool weather in California or in transit can not be relied upon 
and ice is quite generally used for refrigeration, though some ship- 

123 


SHIPPING CITRUS FRUITS. 19 


pers forward the fruit much later under ventilation. Early in the 
season, especially during January and February, when the fruit is 
packed in a cool condition, it may be frozen in transit unless special 
precautions are taken to protect it by insulating the car with build- 
ing paper or other materials, by raising the boxes on strips above the 
floor, and by regulating the ventilators carefully according to in- 
structions. Occasionally after the middle of March the fruit may 
be loaded at a temperature of 80° to 100° F., but a large propor- 
tion of it is packed at a temperature not above 65° IF. even as late as 
the first of June. 
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Fic. 3.—Boxes of oranges in a car, showing the standard method of loading. 


A standard car 40 feet in length usually contains 384 boxes of 
oranges loaded two tiers on end and six rows wide, as shown in 
figure 3. The boxes are billed at an estimated weight of 72 pounds 
each. The minimum freight weight of a car over 37 feet in length, 
outside measurement, is 26,700 pounds. The minimum freight 
weight of a car 37 feet or less in length is 24,190 pounds. The 
freight rate varies from $1.12} to $1.50 per hundred pounds when 
shipped in carload lots. To most points on the Missouri River and 
eastward there is an emergency rate of $1.15 per hundred pounds in 
earload lots, effective since March 11, 1907, the former rate being 
$1.25 per hundred pounds. 
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In 1907, when there was serious shortage in the supply of cars, 
many were loaded seven rows wide on the bottom tier and six wide 
on the top tier as a temporary expedient, thereby increasing the 
customary load an appreciable amount. 

“ach of the two ice bunkers of a refrigerator car, one at either end, 
holds from 2 to 2! tons of ice. The first icing of the cars is done at 
various assembling points in California after the fruit is loaded, and 
reicing in transit follows as needed. The average time in transit 
from southern California points to New York is twelve to fifteen 
days, and to Chicago from nine to eleven days, the time, in general, 
depending on the condition of the transportation business of the 
western railroads and their connections. The carload rate on re- 
frigeration is based on the section of the country into which the car 
is shipped and the weight of fruit in a car. The rate to Chicago, 
for example, on a car of 24,190 pounds is $54.67 and to New York 
$65.61. The rate on a car of 27,650 pounds, which is the weight of 
a standard car of 384 boxes, is $62.50 in the former case and $75 in 
the latter. 


THE INVESTIGATION OF THE CAUSES OF DECAY. 


The investigation by the Bureau of Plant Industry was begun as 
the result of the efforts of Mr. J. H. Reed, an orange grower of 
Riverside, Cal., who, on account of the interstate nature of the prob- 
lem, endeavored to induce the Department of Agriculture to under- 
take this work. In the winter of 1903-4 a preliminary survey of the 
orange industry was undertaken to make plans for this investigation. 
The causes of the decay were not understood, but a multitude of 
theories were advanced by growers and shippers to explain it. Some 
attributed the decay to the influence of the type of soil and to other 
conditions under which the fruit was grown; to a possible degen- 

‘acy In the fruit as the trees grew older, and to climatic conditions, 
ve as frequent fogs and rains. The decay was thought by many to 
be especially related to a supposed inherent weakness of the fruit 
during the blooming period of the trees, which occurs during the 
picking season. Others believed it to be due to methods practiced in 
the packing houses, while nearly all were more or less agreed that a 
large part of the loss was chargeable to inadequate or improperly 
handled transportation facilities. The decay entailed a heavy loss 
on the shipper, it was detrimental to the reputation of the industry, 
and it led to difficulties of various kinds between all parties con- 
cerned in the handling and transportation of citrus fruits. 

The preliminary survey in the winter of 1903-4 showed that the 
decay was more troublesome in some regions than in others, that it 
was worse in some packing houses than in others in the same region, 
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and that it usually increased in severity as the season advanced. 
Continual observations on many of the popular and supposed causes 
did not give promise of a satisfactory explanation, but it was noticed 
from the beginning that there was a close and constant relation be- 
tween the various methods of han@ling the fruit and the development 


of decay. 
THE BLUE MOLD OF CITRUS FRUITS. 


The common blue-mold fungus was always found to be associated 
with decaying oranges, as was observed in 1905 by Woodworth.* 
This fungus grew within the tissues of the fruit and caused a break- 
ing down of the structure, which rapidly produced a soft decay 
of the entire fruit. Two distinct kinds of growth were constantly 
found. The most common grew rapidly in a rather indefinite area 
over the orange, producing a mass of olive-green spores, with a 
large area of white mold extending beyond the spores and produc- 
ing a semisoft condition of the fruit. The growth of the second 
was much slower and in a more definite area, and the spores were 
bright blue in color, though in other respects this fungus was similar 
to the first. 

Both fungi have been determined as species of Penicillium. While 
a distinct difference can be seen in the growth of the two in pro- 
ducing decay in the orange, it has been difficult to separate them 
morphologically. Penicillium glaucum has been generally consid- 
ered the most common of the mold fungi. Yet, on the orange the 
rapid-growing, olive-green fungus is referred to as Penicillium digi- 
tatum, and the slow-growing, bright-blue species as P. glaucum.’ 
The more common form is shown in Plate I, frontispiece. The 
spores are produced in countless numbers on the decaying fruit, of 
which there is always more or less in the groves and in and around 
the packing houses. They are on the fruit, on all the machinery, 
and floating in the atmosphere, and they germinate easily and 
quickly wherever the conditions of heat and moisture are favorable. 

That there might be no question about these molds being the 
cause of the decay, large numbers of fresh, sound oranges were 
inoculated both in the field and the laboratory with spores of these 
species, and without exception the characteristic decay resulted. 

These fungi had always been considered as saprophytic—i. e., capa- 
ble of growing only upon dead organic matter—and from previous 
investigations with apples in storage it had been determined that 


@ Woodworth, C. W. Orange and Lemon Rot, Cal. Agr. Expt. Sta. Bul. 139. 

bSmith, Ralph E. The “Soft Spot” of Oranges, Botanical Gazette, vol. 
24, p. 103. 

Smith, Ralph E.; et al. The Brown Rot of the Lemon, Cal. Agr. Expt. Sta. 
Bul. 190. 
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fungi of this group were apparently incapable of penetrating the 
unbroken epidermis of a healthy fruit and causing decay. 

Upon careful examination of a large number of oranges in which 
the rot was just starting, it was seen that the area of decay in most 
cases was around a place where the epidermis had been previously 
injured by a cut or abrasion of some kind. Not all fruits in which 
the epidermis had been injured showed decay, nor could the decay 
always be traced to an abrasion in the skin. Injured fruit that was 
exposed to a free circulation of air did not usually develop a large 
amount of decay. The moving air quickly evaporated the moisture 
which accumulated in the injured tissue, making conditions un- 
favorable for the germination of the mold spores and the subsequent 
development of decay. 

The effect of different kinds of cuts and abrasions on the fruit 
appeared important. A slight puncture or the removal of bits of 
the epidermis by scratches or by shaving it with the picking shears 
would frequently dry before spores could germinate and become 
established. A deeper wound, especially in the body of the fruit, 
where the skin is thin, would usually fill with juice and provide ideal 
conditions for rapid decay. It was noticed that decay did not develop 
in these slight wounds, while it was almost sure to develop in the 
deeper wounds unless the fruits were held in an unusually dry or 
cold atmosphere. 

These observations were followed by a series of laboratory studies 
by Mrs. Flora W. Patterson, Mycologist of the Bureau of Plant 
Industry, who found that the blue-mold fungus did not have the 
power of penetrating the epidermis of a sound, healthy orange even 
under conditions of heat and moisture tliat were most favorable for 
the growth of the fungus. Practical applications of these laboratory 
tests were made with oranges under ordinary packing-house condi- 
tions. Without puncturing the skin, the mold spores were placed on 
the surface of oranges which had been delivered at the packing 
house in the usual commercial way and were apparently sound. 
This fruit was held for one or two weeks in the house, where condi- 
tions were favorable for the germination of the spores and for the 
development of decay, and then examined. It was rare to find that 
decay had developed at the point where the blue mold had been 
placed on the fruit. Decay, however, sometimes developed where 
no mechanical injuries were visible. In these cases, the mold prob- 
ably entered the skin through injuries caused by the punctures of 
insects, by the dropping of the fruit, or through other injuries not 
discernible. 

The power of the fungus to grow in healthy oranges in commer- 
cial cold storage has been tested by inoculating fresh fruits with the 


123 


MECHANICAL INJURIES OF ORANGES. 23 


mold spores in a puncture through the epidermis and placing them 
at once in a temperature of 32° F. or less. Decay had not devel- 
oped in two months, when the tests ended. When the decay is estab- 
lished and developing in an orange, it does not appear to be entirely 
checked when placed in a temperature of 32° F., though the develop- 
ment is greatly retarded. 


MECHANICAL INJURIES RELATED TO THE IIANDLING OF ORANGES. 


In the spring of 1905 a systematic series of observations and 
inspections was inaugurated to determine the amount and severity of 

mechanical injuries of oranges when delivered at the packing houses 
and the relation of the methods of handling the fruit to these 
injuries. 

This was accomplished by a close inspection of many thousand 
fruits in a large number of packing houses and groves in different 
sections, and included an examination of the oranges of different 
growers delivering fruit at the same house and of the work of differ- 
ent pickers working in the same grove. 

It was soon discovered that fresh mechanical injuries could be 
seen on a considerable proportion of the fruit. The most common 
type of injury was made by the point of the clippers in cutting the 
oranges from the trees. In some cases deep gashes had been cut 
into the skin, in others the skin had been shaved or sliced off in 
areas varying in extent, while in still others the injury was so slight as 
to be hardly perceptible. Many of the oranges were severely injured 
by stem punctures, which are produced when an orange cut from 
the tree with a long stem is allowed to fall or roll forcibly against 
another, fruit, while others showed scratches of various kinds and 
punctures from thorns. Other common forms of injury occurring 
in the groves were punctures and bruises from gravel and twigs in 
the bottom of the picking boxes and cuts in the skin caused by the 
finger nails of the pickers. Frequently bruises were found that 
could be traced to rough and careless work in loading and carting the 
fruit from the groves to the packing house and in unloading. It 
was found that ae was often a wide difference in the amount of 
this injury in the fruit delivered by different growers to the same 
packing house, and there was as great a variation in the condition of 
the fruit in different picking boxes coming from the same grove. 
Very often there was considerable injury that could be traced to 
some incidental derangement in the packing-house machinery, such 
as a broken wire in a wash tank, a protruding screw among the 
bristles in the brushing machines, a nail or bolt extending into a 
chute or runway, or some other similar defect. (See Plate L.) 
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A large number of records of these different types of injuries has 
been secured during the past three years. It is not possible to in- 
clude these records in full in this publication, but the following rep- 
resentative statistics will give an idea of the extent of this trouble. 


THE EXTENT OF THE MECHANICAL INJURY OF THE ORANGE. 


In 1905 the average amount of mechanically injured fruit, based 
upon a careful inspection of more than 40,000 oranges during Jan- 
uary and February, was 17 per cent. On February 27, 1905, a cir- 
cular was issued calling attention to this injury and its relation to 
decay and suggesting methods whereby it could be reduced. Appar- 
ently the growers were quick to adopt ways of reducing the injury, 
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Fic. 4.—Diagram illustrating the average amount of mechanical injury in oranges in 
ten packing houses. 


an imme- 


for after the Ist of March it did not exceed 7.5 per cent 
diate reduction of nearly 10 per cent. 

The accompanying chart (fig. 4), computed from the data of 1905, 
shows the variation in the amount of injury in the fruit found in 
ten different packing houses. 

The chart shown as figure 5, page 25, also computed from the records 
of 1905, shows the variation in the amount of injury in the oranges of 
ten different growers who delivered and pooled their fruit together 
in the same packing house. 

The fruit of an individual has sometimes shown 50 per cent or more 
of mechanically injured oranges. 
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The variation in the quantity of fruit injured by ten different pick- 
ers in the same grove is brought out in figure 6 (p. 26), computed from 
the records of 1905. 

Occasionally pickers have been found who have injured from 50 
to 75 per cent of the fruit they picked. 

A large quantity of fruit has been examined in the bins and packed 
boxes in many packing houses to determine whether the oranges that 
are injured are seen and removed by the graders, as it was generally 
maintained that this was done. Figure 7 (p. 27) shows the percentage 
of injured fruit in ten representative lots. 
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Fic. 5.—Diagram illustrating the average amount of mechanical injury in oranges of 
ten growers who pooled their fruit. 


It was an exception to find a grader who could see and throw out 
an orange showing a slight mechanical injury. It is probable that 
95 per cent of the fruit injured in handling is included in the packed 
fruit. 


GROWERS AND PACKERS NOT AWARE OF THE EXTENT OF MECHANICAL INJURY. 


The most experienced growers and packers were not aware of the 
extent to which the orange was injured in handling, nor did they 
appreciate the effect of a slight bruise or abrasion on the keeping 
quality of the fruit. In a general way, it was known that an orange 
with a punctured skin was likely to decay, and the need of handling 
the fruit carefully was discussed abstractly but with little apprecia- 
tion of the importance of careful handling to the preservation of an 
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orange. The greatest amount of injury was frequently found in the 
fruit of individuals who were skillful growers and who gave careful 
attention to all the necessary details of production, but who did not 
know or understand the importance of careful picking. The same 
failure to appreciate the importance of care in handling was even 
more pronounced in the ease of the laborers who did the picking. 
They did not know they would cause the decay of the fruit by cutting 
the skin or allowing it to drop into the picking sack, or that they 
were actually causing so much injury to the fruit. 

Since it was feorable to have all the persons interested realize 
the large quantity of fruit that was injured by handling, the inspec- 
tions of the oranges in the eroves and packing houses have been 
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Fic. 6.—Diagram illustrating the average quantity of fruit cut by ten pickers in the 
same grove. 


made in full view and with the cooperation of the most interested 
growers and packers. The relation between an injury to an 
orange and the chance of decay during shipment is now generally 
understood by growers and packers, largely as a result of these 
demonstrations. 

As a result of this understanding, it is now accepted without 
question that the elimination or reduction of the mechanical injury 
of the orange in handling is one of the largest problems that the 
California citrus-fruit grower and packer have to overcome. <A 
determined effort is being made to reduce the trouble, and abundant 
data have been accumulated to show that by using care in the instrue- 
tion and supervision of labor not more than 2 or 3 per cent of the 
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oranges will be injured in handling the fruit on a Jarge commercial 
scale. 

The following data are presented to show that it is practicable to 
handle the orange without mechanical injury to the fruit. These 
figures show the result of 10 inspections of fruit from 1905 to 1907. 
inclusive, of a corporation handling several hundred acres of groves. 
The first inspection was made before the circular of February 27, 1905, 
was issued. 


Percentage of mechanical injury to fruit found in a large orange grove at each-of ten 
inspections during 1905-1907. 
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Fig. 7.—Diagram illustrating the average quantity of injured oranges found in bins or 
packed boxes. 


‘ 
THE INJURY OF THE FRUIT AN ECONOMIC PROBLEM. 


After a careful study of the problem for three years, it is evident 
that the mechanical injury of the orange is partly inherent to the 
handling of a perishable crop, but that it is primarily related to the 
economic and social conditions surrounding the citrus-fruit industry. 
It is related to the large volume of business handled by growers 
and packers, to the character and quantity of the labor available, 
to the system of handling the labor, to the details of packing-house 
management, to the aim of the association and packer who handle 
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the fruit, and to the effect of sharp competition between those who 
handle the California citrus-fruit crop. 

The industry has reached its present condition through gradual 
development. The one factor in this growth that stands out with 
prominence as a fundamental cause of careless handling is the effort, 
to handle large quantities of fruit at the lowest possible cost. By hay- 
ing the fruit picked and packed by the box and by having other 
operations performed on the same principle, there have been devel- 
oped labor methods, packing-house equipments, and systems of busi- 
ness practice that place a high premium on the quantity rather than 
the quality of the work accomplished. The payment of labor by 
the box has developed a class of pickers whose chief aim is to pick 
the greatest possible number of boxes. It is not unusual to see the 
professional picker, with a hoop fastened in the top of the picking 
sack to hold the mouth open, with a deft movement of the clippers 
cut the oranges and shoot them directly into the bag. Such effort led 
to the use of sharp-pointed clippers, or shears (fig. 1, a), which the 
picker could handle with great facility. It has developed the type of 
packing-house equipment shown in Plate III, figure 2. It is respon- 
sible for overcrowding the capacity of the average packing house, 
for the excessive speed of machinery, and for a general feeling among 
growers and packers that the continuous reduction in the fixed 
charges in the handling of the crop in California from year to year 
is an essential in successful orange*handling. It is a common occur- 
rence for a grower to change the agency for handling his fruit to 
another that will do it for a fraction of a cent a box less, the im- 
mediate saving being the factor that determines his action. There 
is an equal rivalry between the packing houses to reduce the cost 
of handling the fruit, and a similar desire to have it sold at the 
lowest charge for handling. 


A REDUCTION IN THE COST OF HANDLING A PERISHABLE PRODUCT NOT ALWAYS 
JUSTIFIABLE. 


The tendency to reduce the cost of producing and handling a crop 
is commendable from a business point of view. Probably no other 
fruit industry has reduced the necessary cost of handling and mar- 
keting the crop to such an extent as the citrus industry, largely as a 
result of the effective cooperative organization of the fruit grow- 
ers. But in the handling of a perishable commodity it is false 
economy to reduce the cost of an operation if the change is detrimental 
to the keeping quality or attractiveness of the product. A laborer 
who picks 100 boxes of oranges a day at 3 cents a box, cuts 25. per 
cent with the clippers, and drops the fruit several feet into a bag is 
more expensive to the grower than one who picks 40 boxes for $3 but 
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places the fruit in the picking boxes in sound condition. It is equally 
false economy to have the oranges packed at low cost in a house 
where the handling of the fruit is so rough and complicated as to 
make it susceptible to decay before it is loaded for shipment. The 
real economy of reducing the cost of an operation is determined by 
the effect on the keeping quality of the product. Every reduction 
that is made at the expense of the shipping and keeping quality of 
the fruit is not a saving to the industry, but in the end acts as an 
increase in the cost of handling by reducing the value of the fruit. 
Later in this bulletin it will be shown that the highest net returns 
in the citrus industry have followed an increased cost to insure a 
more careful handling of the product. 


A WEAK POINT IN THE PRESENT METHOD OF HANDLING THE ORANGE. 


There is another factor related to the cooperative method of hand- 
ling, as well as to the method of handling the fruit by buyers and 
shippers, that is responsible for a large amount of rough handling. 
Neither the association, the shipper, nor the buyer can insure the 
careful handling of fruit where the picking and hauling are in the 
hands of the growers or of their representatives. In a general way, 
the packing association or shipper can advise the grower how to 
pick and haul the fruit, and lots of fruit that have been grossly mis- 
managed may be rejected; but it is impossible to insure a uniform 
condition in the fruit of different growers under these conditions. 
There is little incentive for the grower to handle his fruit with un- 
usual care if it is to be pooled with the fruit of other growers who 
handle it carelessly. The tendency is for all growers to handle the 
fruit with but average care and for the careless grower to depend 
on a higher average handling by others to overcome the shiftless 
methods on his ranch. It is the tendency also for the average grower 
whose fruit is packed and sold for him by a dealer or agent to reduce 
the cost of picking and hauling the fruit to the packing house to the 
lowest possible figure, and if the fruit decays as a result of this bad 
handling to attribute it to the methods employed by the dealer or 
agent in packing and selling the fruit. A cooperative association 
or a dealer who handles the fruit for the growers either under a pool- 
ing system or for individual account needs to establish a standard 
condition as to freedom from mechanical injury of the fruit that 
enters the packing house and to provide a practical method of enfore- 
ing the requirements. 

METHODS OF INSURING A UNIFORM CONDITION OF THE FRUIT. 

There are at least two methods that may be adopted as a means 
of insuring a uniformly small percentage of injury in the fruit of 
different growers. The first is the picking of the fruit by gangs of 
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laborers under the control of the packing-house management. A 
number of cooperative associations and independent shippers have 
recently adopted this method of handling the fruit. The success of 
this plan depends on the cooperation of the growers, a tactful and 
efficient labor foreman, and the strong support of the foreman by the 
packing-house management to the end that the fruit may be picked 
carefully and economically. If the growers do not accept this plan 
cheerfully, if the picking foreman is inefficient, or if the packing- 
house management insists on reducing the cost of picking without re- 
gard to the effect on the condition of the fruit, such a system is 
doomed to failure. 

A second, though less certain, means of securing a uniform condi- 
tion of the fruit is by a system of inspecting the fruit in the groves 
‘and as it comes to the packing houses, in order that the persistently 
careless picker and grower may be located and advised as to the 
means of reducing the injury, and finally eliminated if his fruit does 
not reach the required standard. This system has already been 
adopted by a number of association houses and by a few independent 
shippers. 


EXPERIMENTS WITH DIFFERENT METHODS OF HANDLING 
ORANGES. 


The experimental investigation of the causes of decay in oranges 
has been conducted with a view to determining the following points: 
(1) The comparative susceptibility to decay of oranges handled in 
different ways for shipment after holding the fruit in the packing 
houses in California about two weeks; (2) the comparative suscepti- 
bility to decay of oranges handled in different ways for shipment 
when forwarded to New York under ventilation, icing, and precool- 
ing; (8) the comparative susceptibility to decay of oranges handled 
in different ways and shipped under different conditions, the decay 
being determined at intervals during a storage of the fruit in a 
common storage room in eastern markets. 

Technical investigations in refrigeration, including the develop- 
ment and testing of various methods of cooling the orange for ship- 
ment and a determination of the changes in the temperatures of cars 
during the transcontinental trip when shipped under different 
methods, such as ventilation, icing, and precooling, have also been 
made. 


THE EXPERIMENTS WITH ORANGES STORED IN PACKING HOUSES. 


The primary object of the experiments with oranges stored in 
packing houses was to determine, under conditions that permitted 
the growers and packers to see the results, the comparative suscepti- 
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bility to decay of fruit that had been handled in different ways. A 
secondary object was to determine the comparative amount of decay 
in oranges handled similarly in different regions of the citrus-fruit 
belt. 

The method of conducting these experiments was to select a 
quantity of apparently sound oranges from the picking boxes just as 
they were received from the grove, designating this lot as “ un- 
brushed; ” another lot of apparently sound fruit that had been run 
through the brushing machine and selected from the packing bins 
was designated as “ brushed; ” a third lot selected from either the 
drying rack or the packing bins, or that had been especially washed, 
was designated as “ washed,” and a fourth lot, in which each orange 
showed a visible injury, such as a clipper cut, punctures of various 
kinds, or other abrasions, was designated as “ mechanically injured.” 
In 1907 a comparison was made between the amount of decay of 
oranges washed in clean water and fruit washed in dirty water, simi- 
lar to that used in commercial washing, or in clean water in which 
some blue-mold spores had been mixed. Several boxes of fruit of 
each lot were packed at one time and the fruit was left in the packing 
house for about two weeks, when it was examined for decay in the 
presence of growers and shippers. 

These experiments were started in 1905 in 6 houses. In 1906 they 
were carried on in 15 houses and in 1907 in 31 houses. The experi- 
ments were usually begun in January and extended into April. 

The work of the three years has shown that the orange as it comes 
from the tree in sound condition seldom develops decay and that 
brushing, washing, and the mechanical injury of the fruit in handling 
are followed by more or less loss, the greatest decay developing in the 
mechanically injured oranges. 

The following table gives the average decay in the different lots of 
fruit in the three years. The data of 1907 appear also in figure 8, 
page 32. 

TABLE I—Average percentage of decay found in oranges subjected to various 
methods of treatment and in various conditions, held in packing houses in 

1905, 1906, and 1907, 


Treatment or condition of oranges. 


Year. iene Washed Washed | Mechan- 
brushed Brushed.| in clean | in dirty | ically in- 
; water. water. jured. 


—— EE — 


Per cent. | Per cent. | Per cent.| Per cent.| Per cent. 


BRU ce Tait nites Boe ale Was Ante wea dole oe tae sate oe ee 4.9 | LOS! Peete hone clace os : 29.0 
I ii ia Bugis Bx o obo ik poo s/he hs .ce anes 6.6 b:o.5hie ae 1.5 r Se hy ee SEES 10.3 36.8 
MMOLE cee ae tea e ce tt Lac cSt Wace es s Pi sve ae wen 2.9 | 6.6 3.9 17.8 40.1 


It should not be inferred from these figures that the unbrushed 
fruit in 1906 was less susceptible to decay than in 1905 or 1907. The 
fruit used in the experimental work was selected not by microscopic 
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examination, but by an inspection not more critical than a careful 
fruit grader could make. The fruit that appears to be sound may 
nevertheless be bruised to some extent, and although the bruises are 
not easily perceptible they are severe enough to be followed by the 
blue-mold decay. The inspection in 1905 was probably not as critica! 
as the work that followed, on account of the comparative inexperi- 
ence of the Department representatives. The important principle 
underlying these figures is that an apparently sound orange when it 
comes from the tree shows greater resistance to decay than the same 
fruit after it has been handled in different ways, that the fruit show- 
ing visible mechanical injury as a result of handling develops the 
maximum decay, and that the brushing and washing of sound oranges 
is more or less detrimental to their keeping quality. 


ea TT eae 


2.7 late | peoaeeenee 


egameoone 


fic.-8.—Diagram illustrating the percentage of decay in oranges held in packing 
houses, 1907. 

Aside from these experiments, a number of comparisons have been 
made to determine the effect of dropping an orange 18 inches into 
the picking box. The data along this line are not extensive or con- 
clusive, but they show that under some conditions the decay may be 
considerably increased by dropping the fruit a small distance. 

THE DECAY IN ORANGES IN DIFFERENT SECTIONS. 

The impression is general among growers and shippers in Cali- 

fornia that there is a wide difference in the inherent keeping quality 


of the oranges of different sections. The fruit from the upper San 
Bernardino Valley, for example, is usually said to have better ship- 
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ping qualities than the oranges grown in the more humid regions 
near the coast. As a matter of fact, the average condition of the 
fruit of these two regions on arriving in market probably conforms 
to this general impression. The results of the packing-house tests 
already referred to indicate that the difference in shipping quality is 
due more to the conditions under which the fruit is handled in these 
sections than to the inherent character of the fruit itself. By com- 
paring the experiments conducted in a group of houses on the coast 
with those in a group in the upper San Bernardino Valley, the 
following average result appears: 


TABLE II.—Average percentage of decay found in oranges in different sections 
of southern California subjected to various methods of treatment and in 
various conditions. 


Treatment or condition of oranges. 


Washed | Washed | Mechan- 
Brushed.) in clean | in dirty | ically in- 
water. water. jured. 


Locality where grown. Not 
brushed. 


Per cent.| Per cent. Per cent.| Per cent. | Per cent. 
Upper San Bernardino Valleys .. 2. s.c<.-2s-2-tes 3.0 49 4.7 | 23.1 36.0 
SINGRLOPAOUM Ee sia. ss cic oho ea tease tec tete essere o 3.1 | weil 5. 2 16.2 51.1 


There is practically no difference in the decay in the unbrushed 
fruit in the two regions. This shows the keeping quality of the 
sound fruit just as it comes from the tree. There is some difference 
in the brushed fruit, as the same types of brushes are not used in 
both sections, nor are the brushes always handled with equal care. 
When the fruit is washed tn clean water the results are similar, the 
condition of handling in this case being similar and comparable. 
There is some difference in the decay in the mechanically injured fruit 
and in the oranges washed in dirty water, as the nature of the injury 
and the amount of blue mold in the dirty water were probably not 
comparable. These differences in decay are no greater than com- 
monly occur in different experiments in handling the same type of 
fruit in the same house. 

In order to compare the influence of the brushing of the fruit under 
similar conditions, the tests in the houses in each section using the 
same kind of brush have been brought together. In the upper valley 
the decay from brushing the fruit was 4.9 per cent and in the coast 
region 4.3 per cent, or practically the same result. The packing- 
house tests indicate that an orange with a sound skin is not more 
likely to decay when grown in the coast region than a similar orange 
grown in other parts of the orange belt and that a similar line of 
handling produces similar results in the different regions. 

The difference that occurs in the amount of decay in different 
regions or in different houses in the same region is due primarily to 
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the conditions under which the fruit is handled. In the coast region 
in the past a large part of the fruit has had to be washed, while the 
fruit of the upper-valley districts has been shipped in a dry-brushed 
or unbrushed condition. Since these investigations were begun, the 
representatives of the Bureau of Plant Industry have had occasion 
to look into the conditions in many sections where the frit developed 
unusually large amounts of decay. In every case the cause of the 
trouble has been found to be due to the conditions under which the 
fruit has been handled, including the influence of such matters as 
the care with which the scale insects are held in control in the groves, 
the business capacity of the directors of the association, the ability 
of the packing-house foreman, the system of handling labor in the 
groves and packing houses, the efficiency of the labor, the sanitary 
conditions in the packing houses, and the kind of packing-house 
equipment. Wherever these conditions have been bad a section has 
acquired the reputation of producing fruit that has poor shipping 
quality, and wherever these conditions have been favorable to the 
proper handling of the fruit there has been no trouble with its con- 
dition on arrival at destination. 

By these remarks it is not intended to convey the impression that 
the fruit of all sections is alike. There is the widest difference in 
the quality, in the time of maturity, and in the color of oranges of 
different sections and in different groves in the same section. There 
is probably a good deal of difference in the susceptibility of the fruit 
of different regions to bruising, as there is a wide difference in the 
texture of the fruit. What is intended to be conveyed is that there 
is no practical difference in the amount of decay that develops even 
in the tenderest oranges of a section when the fruit is handled with 
enough care to prevent bruising. 


THE DECAY IN ORANGES IN DIFFERENT PERIODS OF THE SEASON. 


To determine the influence on decay of picking the oranges at 
different times during the season 20 boxes of the Washington Navel 
were carefully picked about every ten days from January to May 
from a grove of the Arlington Heights Fruit Company, Riverside, 
Cal. The fruit was held two weeks under conditions that were espe- 
cially favorable to the development of rot. The decay in the fruit 
picked at different times is brought out in the chart shown as figure 9. 

There was practically no difference in the amount of decay in the 
fruit at any time between January and May. ‘The small amount of 
decay could usually be traced to mechanical injuries that were over- 
looked when the fruit was brought in from the groves, and the slight 
difference in the amount of decay at the different pickings could be 
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easily accounted for in this way. The trees were in bloom when the 
fruit was picked on March 23 and April 2. 

The data from these tests are not extensive enough to be conclusive, 
but taken in connection with the other data accumulated they indi- 
cate that California oranges picked and handled with enough care 
to protect the skin from bruising are practically immune to decay, 
whether picked in a partially ripe or fully matured condition. In 
this connection the series of shipments of carefully handled fruit 
from February to May under ventilation, referred to on page 44, does 
not show an increase in decay as the season advanced. 

It is popularly believed that the fruit is more susceptible to decay 
at the period just preceding and during the blooming of the trees. 
This belief does not appear to be well founded. The increase in 
decay that sometimes occurs in the shipments in February or March 
is probably related to rises in temperature in California at that time, 
causing the fruit to be loaded in a hot condition. There is often a 
period of hot weather for a few days each year at this time. The 
Sis Co ee 
SRR REEL Te ae EERE See RRR 


Ps rere fy) 3) gral ee ea 

DATE OF AYCHING / 

SINE FEBE FEB22. MARE MARZIAPRE APRIT. MAYe 

Fic. 9.—Diagram illustrating the percentage of decay in oranges picked at different times 

during the harvesting season, 1906. 

fruit is still being shipped under ventilation. The oranges that go 

forward at that time from the sections that handle the fruit roughly 

develop excessive amounts of decay. This may be followed by cooler 

weather or by the adoption of icing in place of ventilation, and the 

decay falls off. Whenever the weather remains cool throughout the 

shipping season there appears to be no unusual increase in the amount 
of rot at the blooming time. 

An increase in decay usually follows an overcrowded condition of 
the packing houses or a temporary shortage in the supply of cars in 
warm weather. It may also be serious at the height of the harvesting 
season. Under the first condition the fruit is handled with less than 
the usual care and is made more susceptible to rot. Under the second 
the decay begins to grow in the bruised fruit while the oranges are 
standing in the packing house. Under the third condition the 
grower has to employ a large amount of unskilled labor, as there is 
not enough skilled labor to harvest the crop at the height of the 
season, and the fruit is delivered to the packing house in poor physical 
condition. 
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In the commercial shipments the decay is usually worse in April 
and May than it is earlier in the season, largely because the average 
temperature is higher, causing the decay to start quickly, and also 
because it develops more readily in ripe bruised oranges than in 
fruit that is bruised but immature. 


THE CURING OF ORANGES BEFORE PACKING. 


At the time the investigation described in this bulletin was begun, 
it was a common practice to hold oranges in a packing house a few 
days before packing. This practice was referred to as “ curing.” 
It consisted in the wilting or the evaporation of a small amount of 
moisture from the skin of the orange, thereby making it more ph- 
able and easier to pack. It was considered necessary to wilt the 
fruit in order that it might be pressed into place in the packing 
box without injury and to insure the arrival of the package in 
market in a tight condition. It was believed that by packing hard, 
freshly picked fruit the curing or wilting would occur in the box, 
and the pack would arrive at destination in slack condition. A 
final claim for curing was that much, if not all, of the decay result- 
ing from mechanical injuries would be sufficiently developed to be 
noticed and discarded by the graders or packers by holding the 
fruit in the house a few days before packing. 

The general claims for curing have not been found to be well 
established. Early in the shipping season, when the oranges are 
immature and the skin hard, wilting or curing undoubtedly facili- 
tates the packing of fruit. Later in the season, when the fruit is 
ripe, the curing does not appear to improve this condition, as the - 
fruit is naturally pliable. The arrival of oranges in a slack condi- 
tion in the box is not due primarily to packing uncured fruit. It 
is the result of packing the fruit loosely and poorly in the box. If 
each orange is pressed firmly into place by the packer, the fruit can 
be shipped at any time of year as soon as it is picked, and the pack- 
ages will arrive in full, firm condition. The average packer does 
not take time to press each orange firmly in place, especially if the 
packing is paid for by the box. The packages are filled high and 
the cover press is expected to do the work that should have been 
done by the packer. The press, however, only makes the upper 
layers of the fruit tight in a loosely packed box. The fruit settles 
during the trip and arrives in a loose condition. These remarks 
are based on the fact that many of the leading shippers have packed 
the fruit within twenty-four hours after picking during the last 
two years without complaint as to the condition of the pack on 
arrival. 
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It is not true, either, that the decay develops in the mechanically 
injured oranges during the curing period except in warm weather and 
in fruit that is most seriously injured. The decay may start to grow 
during this time, but it requires several days for it to progress far 
enough to soften the fruit and to be seen by a grader. The decay is 
less severe in the unpacked boxes than it is in the packed fruit, in 
which the moisture given off by transpiration is retained. If fruit 
can not be shipped quickly after picking it is better to leave it in an 
unpacked condition. 

The curing of the orange does not appear to be detrimental to 
the shipping quality of sound fruit at any season, or to slightly 
injured fruit in cool weather. Early in‘the season it makes the fruit 
somewhat eaSier to handle by the packer, but under the conditions 
pertaining to the commercial handling of the fruit in California it 
probably does more harm than good by allowing the decay to begin 
to grow in the mechanically injured fruit. If this fruit soon after 
picking is shipped under refrigeration or enters cool territory soon 
after picking, the decay may not start to grow. 


THE BRUSHING OF CALIFORNIA ORANGES. 


The practice of brushing oranges grew up gradually in California. 
Practically all of the fruit was being either brushed or washed when 
the present investigation was begun. The fruit was brushed origi- 
nally to remove the light coats of sooty-mold fungus or the dust that 
accumulates from the tillage of the groves in the dry season. The 
fruit was given a glossy appearance by the brushing similar to the 
artificial glossiness that is characteristic of the polished fruit sold 
from street stands. The shipper and the receiver finally consid- 
ered it necessary to brush the fruit whether it was dirty or not, and 
brushing became established as a regular packing-house operation 
even in houses to which the fruit is delivered from the groves in a 
clean condition. 

Several types of brushes have been developed in California. A 
kind commonly used is shown in Plate IV, figure 1. Some brush 
the fruit lightly, while the stiff fiber brushes or those not adjustable 
to fruit of different sizes may brush the oranges very harshly. In 
the packing-house experiments, the decay has often been raised from 
10 to 40 per cent in small lots of fruit run through a brush of a harsh 
type or through a brush that was improperly adjusted. The injury 
from the brush generally arises from the inoculation of the mechanic- 
ally injured parts of the skin with blue-mold spores that are attached 
to the bristles of the brush or by the actual puncturing of the skin 
by the bristles and inoculation at the same time in the case of the 
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harsh types or badly adjusted brushes. It is probable that light 
brushing is not injurious to sound oranges. 


There isa wide difference in the quantity of dust and sooty mold - 


on the fruit of different groves and in different seasons. All of the 
groves are comparatively free from dust during the rainy season, 
from January to April or May, and in groves that are well fumi- 
gated, and in most of those in the upper part of the San Bernardino 
Valley the fruit is practically free from the sooty-mold fungus. 

It improves the appearance of an orange to have the dirt removed 
from the skin. It detracts from a moderately clean orange to have 
the natural bloom replaced by a gloss, and this altered appearance 
does not improve the selling value of the fruit. It is wholly unneces- 
sary to brush a large part of the California crop, though it may be 
advisable to brush the fruit that grows on the rows along the high- 
ways, or to brush the entire crop after the rainy season is ended and 
the dust from the tillage of the land settles on the fruit. In Plate 
IV, figure 2, an arrangement is shown with a removable carrying belt 
placed on the box containing the brush. This belt carries the fruit 
from the hopper over the brush to the elevator leading to the sorting 
table. When a load of fruit requires it the belt is removed and the 
oranges. are run through the brushes. 

In 1906 the brushes were eliminated from two or three packing 
houses, and in 1907 at least a dozen houses, including those that 
shipped the brands which brought the highest prices throughout the 
season, forwarded the fruit without brushing. 


THE WASHING OF CALIFORNIA ORANGES. 


Oranges are washed primarily to remove the sooty-mold fungus 
that grows in the so-called honeydew exuded by the black scale 
(Saissetia oleae Bern.). The Valencia orange is sometimes washed 
to raise the grade by making the fruit clean and attractive, and the 
Washington Naval is occasionally washed with that end in view. 

When the present investigation by the Bureau of Plant Industry 
was undertaken, from one-third to one-half of the oranges of Cali- 
fornia were washed, practically all of the fruit in some sections 
being treated in this way, especially where the growers had been 
overconfident in the parasite Scutellista cyanea Matsch or in the use 
of oil sprays as means of holding the black scale in check. 

The honeydew from the black scale spreads out over the branches, 
leaves, and fruit, and in severe infestations the fungus which grows 
upon it makes the oranges black and unsightly. The fungus forms a 
thin skin-like covering over the orange which is removed by wash- 
ing, or in light attacks by brushing the fruit. A Valencia orange 
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affected with sooty-mold fungus and one free from the trouble are 
shown in Plate VIII. 

The injury arising from washing the orange is primarily due to the 
water of the tank becoming infested with spores of the blue mold. 
These spores are carried into the mechanical abrasions of the skin 
by the water, under conditions that favor the growth of the fungus. 
The decay in washed fruit is also increased from the fact that the 
fruit is handled through a complicated system of tanks, brushes, 
elevators, racks, and other machinery which multiplies the chances of 
mechanical injury. <A good deal of the frmt is packed before it is 
thoroughly dry, thereby making conditions of moisture favorable for 
the development of decay in the packed fruit. This condition arises 
during cloudy weather when there is not sufficient sunshine to perfect 
the drying and at times when the fruit is not delivered to the packing 
house fast enough to keep the packers supphed with dry fruit. 

The water is always more or less infected with the spores of the 
rot fungus. They are found abundantly on the skin of sound oranges 
and in the dirt from the bottom of the boxes; in practice, also, decay- 
ing oranges frequently pass into the tank. This condition becomes 
ageravated when the water is not changed frequently. It is least 
objectionable when fresh water is constantly running: through the 
tank or when the oranges are run through brushes with the -water 
sprayed over them. In the average house the water in the tanks was 
not changed oftener than once in every day or two until 1907, when 
in many of the houses the water was kept running constantly through 
the tanks. It apparently is not injurious to the orange to wash it in 
clean water, provided it is handled carefully in other respects. 

The necessity for washing the fruit should be avoided—The neces- 
sity for washing the orange should be avoided by a proper fumiga- 
tion of the groves with cyanide of potassium or by spraying, if it can 
be effectively done, rather than by treating the fruit in the packing 
house. It has often been suggested that the blue mold might be 
killed by a disinfectant in the wash water, as is done with the parasitic 
fungus of the lemon which produces the brown rot. This does not 
appear from preliminary studies to be promising or advisable. If 
it were possible to kill the blue mold in the washing tank, it would 
place a premium on the shiftless management of the groves and on 
the rough, careless handling of the fruit. Fumigation, on the’ other 
hand, is one of the operations that promotes good orchard manage- 
ment; it maintains strong, healthy trees and fruit, and it reduces the 
cost of preparing the oranges for market in a manner that increases 
the keeping quality of the fruit. 
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The equipment of the average packing house, especially before 1907, 
was too complicated to permit of careful handling of the fruit. Some 
part or parts of the equipment were usually out of order, and 
there were additional chances for injury from the falling or rapid 
running of the oranges over gravity chutes or runs. Many of the 
packing houses have not been equipped on good mechanical principles 
or with proper regard for the effect of the handling of the fruit on 
its keeping quality. It is not too much to say that there was prac- 
tically no consideration given to the effect of packing-house machin- 
ery and its installation on the carrying quality of the fruit from 
about 1895 to 1906, the development being made primarily to handle 
large quantities at low cost. Since 1906 a good many houses have 
been modified by the installation of a simpler type of machinery. 
A better idea of the former condition of many packing houses and of 
some houses at the present time may be had by referring to a typical 
example of improper equipment. 

A prominent house that had the reputation of shipping fruit of 
poor keeping quality was running the oranges through about a thou- 
sand feet of machinery of different kinds. In order to force the fruit 
through the machinery as rapidly as possible, a boy shoved the 
oranges into the washing machine with a paddle, the fruit clogging 
in the machine frequently and becoming crushed. As many as 1,200 
boxes were sometimes run through the washer in ten hours. The 
capacity of the elevator leading from the washer to the drying racks 
was overtaxed, and the oranges were dropping back into the washer 
from heights varying from one to several feet. The fruit was fre- 
quently shoved down the drying racks with poles, and in practically 
every rack the oranges were bumping over the heads of nails or 
slivers of wood protruding into the runways. It was a common thing 
to see a boy kick the oranges into place when the bins became clogged. 
In this packing house eleven different places were located where the 
fruit dropped from 1 to 25 feet or where the oranges were delivered 
with force at the bottom of a long gravity chute. Asa result, crushed 
and broken oranges could be found at any time along the runways 
through which the fruit was obliged to pass. It is a tribute to the 
shipping quality of the California orange that so large a proportion 
of the fruit of this house arrived in market in sound condition after 
this harsh type of handling. 

Features to be avoided in a packing house.—lt is difficult to point 
out a single place where fruit is likely to be injured in different 
packing houses, as the arrangement of the machinery varies widely. 
There are a few features in the arrangement of every packing house 
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that ought to be considered. A house should be equipped in the 
simplest possible manner in order to avoid handling the fruit more 
than is necessary. The dropping of the fruit or its swift delivery 
from the carrying belts should be avoided. Overhead sizers and all 
gravity chutes are to be condemned. The slow-moving, flat carry- 
ing belts should take the place of the gravity chute, as in this way 
the fruit may be carried wherever desired without injury. The 
gravity sorting table ought to be replaced by a low belt sorting 
table. 

The hopper is a source of much injury from the rough dumping 
of the fruit from the picking boxes. A hopper ought not to be 
higher than the brush to which it leads, and the fruit may be car- 
ried to the brush by belts extending into the hopper instead of by a 
steep gravity run. The present hoppers are too high to make the 
emptying of the boxes easy. The hopper ought to be well padded. 

It is a question worth considering whether the hopper can not be 
eliminated from many houses and the fruit delivered to the sorting 
belts or on a carrying belt leading to the sorting table. It is entirely 
practical, if necessary, to deliver the fruit on these belts by taking 
the oranges out of the boxes by hand. 

There is also much injury to the oranges in dropping into and in 
delivering from the weighing machines and in the drop of the fruit 
into the packing bins of various kinds, none of which prevents a con- 
siderable fall of the fruit when it enters the bin. Another source 
of injury is the rapid delivery of the fruit from a carrying belt to 
the elevators, scales, bins, or other part of the machinery to which 
the belts lead. This defect is the result of the use of narrow belts 
which have to be run at high speed to meet the requirements of the 
house rather than the use of wider belts of larger carrying capacity. 

There has been a great improvement in packing-house equipment 
in the last two or three years, but the opportunity for the develop- 
ment of simpler types of houses and equipment has not yet been ex- 
hausted. 

The handling of the packing-house force and equipment is also an 
important factor. Unless the packing-house manager is adapted to 
the handling of labor and can keep the machinery in smooth run- 
ning order, no amount of improvement in the machinery of the pack- 
ing house can overcome the bad effect on the fruit of careless, rough, 
undisciplined labor. 

In addition to the need of a simple equipped and well-managed 
house, the most rigid attention needs to be given to the removal of 
decaying fruit from the house and its surroundings. It is not un- 
common to see rotting oranges in the bins, on the floor, and on the 
ground around the house. Under these conditions, the houses are 
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filled with myriads of blue-mold spores. This lack of attention to 
the cleanliness of a packing house has a bad effect on the labor, and 
it is invariably accompanied by rough handling and slovenly work in 
general. On the other hand, there is not a packing house in Cali- 
fornia that is leading in the careful handling of its fruit that does 
not use rigid care to keep the house and its surroundings clean 
and sanitary. 


THE DECAY OF ORANGES IN TRANSIT. 
GENERAL DESCRIPTION OF THE EXPERIMENTS. 


The investigation of the decay of oranges during transportation 
included 40 shipments in 1905, 70 shipments in 1906, and 187 ship- 
ments in 1907. Nearly all of the fruit was forwarded to New 
York. The leading object of this investigation was to determine 
the relation of the following factors to the development of decay 
in transit: (1) Preparing the orange for shipment in different 
ways in California; (2) forwarding it at different lengths* of time 
after packing, and (3) shipping the fruit under different systems 
of transportation. An investigation has also been made of the 
changes that occur in the temperature in refrigerator cars when 
handled under different conditions during the transcontinental trip, 
and a number of technical engineering problems connected - with 
refrigeration have received consideration. The shipments have in- 
cluded duplicate lots of apparently sound brushed or unbrushed 
fruit, of sound washed fruit, of the regular commercially packed 
fruit, and of oranges showing visible mechanical injuries, such as 
stem punctures, clipper cuts, and other. types of abrasions. The 
different lots have been packed from the bins from which the 
commercially packed fruit was taken by careful sorting by repre- 
sentatives of the Bureau of Plant Industry. Duplicate lots of 
fruit have been forwarded as soon as packed and on the second and 
the fourth days after packing under (1) ventilation, (2) icing, and 
(3) precooling followed by icing. The decay has been determined 
by Bureau representatives by the inspection of every orange on the 
arrival of the fruit in New York. 

Through the cooperation of the shippers and receivers, the fruit 
for these shipments has been turned over to the Bureau of Plant 
Industry for experimental use and after inspection in New York 
has been returned to the receiver. The railroad companies have 
extended every facility for the study of the conditions in transit, 
and the cold-storage interests of southern California made it pos- 
sible to carry on technical as well as commercial investigations of 
the precooling process. 
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The result of the shipments of each of the three years has been 
consistent with the others. It is impossible to record the details of 
each shipment during the three years. The shipments of 1907, which 
were on the most comprehensive scale and are most representative 
of commercial conditions, will be discussed as representative of the 
entire work. 

THE SHIPMENTS UNDER VENTILATION. 


The shipments under ventilation began in 1907 in February and 
extended into May. During February and March the weather was 
cold in California as well as during the trip across the continent. 
The temperature of the fruit was not often above 50° F. when loaded, 
and was frequently as cold as the precooled fruit. On the average, 
the fruit was probably cooler during the entire trip than the oranges 
shipped under ordinary icing later in the season. The average decay 
in the shipments under ventilation, therefore, was comparatively low. 

There were two series of shipments under ventilation. The first 
included apparently sound brushed and washed fruit, commercially 
packed fruit, and mechanically injured fruit. One-third of each lot 
went forward as soon as packed and the remainder on the second and 
the fourth days after packing. This fruit was taken from sections 
in which the fruit is handled with average commercial care, not 
representing the roughest type or the most careful type of handling. 
The fruit was shipped in February. The second series was taken 
from a single house in which the fruit is handled with care in the 
groves and in the packing house. It represents the regular com- 
mercial pack of the house, the fruit showing on the average not more 
than 1 to 3 per cent of mechanical injury. The fruit of this house is 
not brushed. The shipments in the second series began in February 
and extended into May. The result of the shipments under the first 
series, shown also in figure 10, is brought out in the following table: 


Tasie III.—Percentage of decay in oranges handled with average care, shipped 
under ventilation, February, 1907. 


| Decay following immediate shipment 
and approximate delay of 2 days and 
Treatment or condition of fruit. 4 days. 


(None.) | (2 days.) | (4 days.) | Average. 


Per cent.| Per cent. | Per cent. | Per cent. 
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Two important factors are brought out by these shipments: (1) 
The oranges that are handled the most simply, i. e., the apparently 
sound brushed fruit, develop the least decay, while the fruit that is 
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sorted from the same bins but has been injured in handling develops 
the greatest amount of decay; (2) the fruit, taken as a whole, that 
was shipped out promptly after packing developed little decay, while 
the fruit that was delayed before shipment developed a good deal of 
decay, the injury from the delay being least severe in the sound 
brushed fruit and greatest in the fruit that was mechanically injured. 
The increase in the decay in the apparently sound brushed and washed 
fruit as a result of the delay in shipping is probably due to the fact 
that it was not possible to eliminate all of the injured oranges in 
sorting the fruit from the bins. 
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Fre. 10.—Diagram illustrating the percentage of decay in oranges handled with average 
care, shipped under ventilation, February, 1907. 


The result of the shipments under the second series, i. e., of fruit 
handled carefully in the groves and packing houses, is brought out 
in the following table: 


TABLE ITV.—Percentage of decay in oranges handled carefully under commercial 
conditions and shipped under ventilation from February to May, 1907. 


pecans followi ing immediate shipment 
and approximate delay of 2 days and 


| 
Date of first shipment. | 4 days. 

| ae ) 2 days.) | (4 days.) | Average. 
2 | Per cent. | Per cent. | Per cent. | Per cent. 
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This table shows that oranges can be handled in a large commercial 
business with enough care to insure the arrival of the fruit in market 
in sound condition when shipped under ventilation through a large 
part of the Washington Navel shipping season. It also shows that 
there is little practical difference in decay in sound fruit shipped in 
February or in the succeeding months. As the fruit of this house has 
shown no better inherent keeping quality than other sound fruit from 
the same region, a brief description of the methods employed in 
handling the crop will be useful in showing how a crop is carefully 
handled in a large commercial business. 

Methods used in preventing decay in oranges in a large com- 
mercial business —The fruit shipped under the last series was grown 
and packed by a corporation owning several hundred acres of groves 
and packing its own fruit. When the present investigation of the 
Bureau of Plant Industry was undertaken in 1905, the fruit from 
this house sometimes arrived in market showing from 5 to 30 per 
cent of decay. The handling of the fruit was done with the average 
care used in preparing the fruit for market at that time. An investi- 
gation showed that 20 to 25 per cent of the oranges were cut with 
the clippers or were stem punctured, and that the packing house, 
which was equipped with overhead sizers, contributed to the further 
injury of the fruit. In 1906 and in 1907 the fruit was picked with 
care. The labor in the groves is paid by the day. It is under the 
“management of a competent foreman. As a rule the orange as cut 
from the tree has a long stem, and a second cut removes the stem 
close to the fruit. The pickers average from 40 to 50 boxes a 
day, and the clipper cutting and stem puncturing have been reduced 
to from 1 to 3 per cent. The loading and the hauling of the boxes 
to the packing house are done with care. Gravel is kept out of the 
boxes and they are not filled full enough to bruise the oranges on the 
top when the boxes are stacked. The packing house is handled by 
a skillful foreman. The oranges are not brushed. The machinery 
is of the simplest kind and is run at comparatively low speed. The 
packing and the loading of the cars are done with care. The packers 
average from 50 to 60 boxes a day. The frit has been shipped 
under ventilation until about two months after most of the shipments 
from southern California have begun to be forwarded under ice. 

From the business standpoint this fruit took high rank in the 
market as soon as careful handling methods were adopted in 1906, 
and it has held it ever since. In addition to a good pack, it has 
commanded the confidence of buyers on account of arriving in sound 
condition day after day. The excess in net return has been many 
times greater than the extra cost of careful handling. The extra cost 
of handling the fruit carefully has probably not amounted to 10 cents 
a box. 
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What has been accomplished here can be duplicated, so far as the 
sound arrival of the fruit is concerned, by any other shipper in Cali- 
fornia who will preserve the natural keeping quality of the fruit by 
handling it carefully in the grove and packing house rather than 
attempting to handle the shipments at the lowest possible cost under 
conditions that make the fruit susceptible to decay. 


THE SHIPMENTS UNDER ICE. 


The shipments under ice in 1907 began in March and extended to 
the last of May. They were made from different parts of the citrus 
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Fic. 11.—Diagram illustrating the percentage of decay in oranges handled rather roughly, 
shipped under ice, February to April, 1907. 

belt. There were two series of shipments under ice. The first was 
from a group of houses in which the fruit was handled in the groves 
and packing houses rather roughly. It included apparently sound 
brushed and washed fruit, commercially packed fruit, and mechan- 
ically injured fruit. The second series was from a group of houses 
in which the fruit was handled in the groves and packing houses 
with more than average care. It included apparently sound brushed 
fruit, commercially packed fruit, and mechanically injured fruit. 

The result of the shipments under the first series, shown also in 
figure 11, is brought out in Table V: 
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TABLE V.—Percentage of decay in oranges handled rather roughly and shipped 
under ice, February to April, 1907. 


Decay following immediate shipment 
and approximate delay of 2 days and 
Treatment or condition of fruit. 4 days. 


(None. ) | (2 days.) (4days.) | Average. 
vy 1 


Per cent. | Per cent. Per cent. Per cent. 
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Two important factors similar to those developed in the shipments 
under ventilation are brought out by these shipments: (1) The decay 
is least in the fruit that is handled the least, i. e., the apparently 
sound brushed fruit, and greatest in the fruit that is mechanically 
injured; (2) the decay increases as the time between packing and 
shipping increases. The delay in shipping the fruit causes.the least 
injury to the soundest fruit and develops the greatest injury in the 
mechanically injured oranges. 

The result of the shipments from the houses in which the fruit was 
handled with care is brought out in the following table: 


TABLE VI.—Percentage of decay in oranges handled carefully and shipped under 
ice, March to May, 1907. 


| Decay following immediate shipment 
| and approximate delay of 2days and 
Treatment or condition of fruit. | 4days. 


| (None.) | (2days.) | (4days.) | Average. 


; Per cent.| Per cent.| Per cent. Per cent. 
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As in the other series under ice, the least decay developed in the 
sound brushed fruit and the greatest amount occurred in the mechan- 
ically injured oranges. The decay is proportional to the length of 
time that elapses between packing and shipping. The decay in all of 
the shipments in the second series is less than that in the fruit that 
was handled more roughly, on account of the sounder condition of 
the fruit. 

A practical illustration of careful handling methods.—There are in- 
cluded in the last series shipments from a grower with extensive 
groves, whose fruit early in the season of 1907 arrived in New York 
in bad condition. Some of the carloads developed as much as 25 per 
cent of decay. Both the shipper and the receiver thought the decay 
was due to excessive tenderness of the fruit brought on by over- 
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fertilizing or to other methods followed in handling the groves. 
An investigation of this case showed that about 20 per cent of the 
fruit was mechanically injured in handling. The pickers were paid 
by the box. It was not considered essential to ship the fruit as soon 
as it was picked. The packing-house machinery was not well adapted 
to the careful handling of the fruit, and in the packing house the 
labor was done with no great care. 

The grower decided to change his method of handling the crop. 
Two or three foremen were tried in the groves before a satisfactory 
man was found to handle the picking gang; the labor was paid by the 
day, the picking was done with care, clipper cutting and other in- 
juries were reduced to an average of about 5 per cent, the packing- 
house equipment was remodeled and simplified, the fruit was not 
brushed, and it was delivered by hand from the picking boxes to a 
wide belt that led to the sorting table. The packing-house operations 
were conducted with more care than formerly. The result of these 
changes is one of the most striking that has come under the observa- 
tion of the representatives of the Bureau of Plant Industry. 

The decay in the commercial shipments disappeared as soon as the 
old methods were changed and did not reappear throughout the 
season. Irom the business standpoint the brands from this grower, 
which up to this time had been handled with caution by the New 
York buyers, commanded confidence and sold at prices not often sur- 
passed by other brands of fruit. The fruit from this house handled 
in the experimental shipments developed the following average 
decay: Apparently sound unbrushed fruit, 1.2 per cent; commer- 
cially packed fruit from the same bins, 4.1 per cent; mechanically 
injured fruit from the same bins, 14 per cent. This grower has 
recently stated that by insisting rigidly on the careful handling of 
the oranges the net increased receipts averaged from 50 cents to 
$1.50 a box after the change in methods was adopted. 

An illustration of better handling methods.—There were also in- 
cluded -in the shipments under ice oranges from an association that 
in 1905 had the reputation of producing fruit of the poorest carrying 
quality, though excellent in other respects. An inquiry in several 
markets showed that the receivers always expected excessive decay in 
the brands of this fruit. Many of the growers believed that the 
decay was due to mysterious local climatic and soil conditions. An 
investigation of the case in 1906 showed that the growers had de- 
pended on the Scutellista cyanea Matsch to hold the black scale in 
check and little fumigation or spraying had been done in the section 
for three or four years. The groves were badly infested with scale. 
Probably 90 per cent of the fruit had to be washed. The packing- 
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house management exercised little control over the picking of the 
fruit. On the whole, it was carelessly picked, much of it showing 
from 25 to 30 per cent of injury. The handling of the fruit in other 
respects was done with average care. The packing house was of the 
type shown in Plate ITI, figure 2. The fruit that was washed passed 
through more than a thousand feet of machinery of different kinds 
before it was packed. The fruit often remained in the house a week 
or more before it was shipped. 

As the conditions in this association were typical of many others, 
both packing-house experiments and shipping experiments were car- 
ried on during 1906 and 1907. In 1906 the fruit in the packing- 
house experiments developed the following amount of decay: Ap- 
parently sound unbrushed fruit, 1.9 per cent: apparently sound dry- 
brushed fruit, 4.2 per cent; apparently sound fruit run through the 
washers and all other machinery, 10 per cent; mechanically injured 
fruit, 23 per cent. 

The growers were convinced from these experiments that the fruit 
was not inherently poor in keeping quality. There was a general 
fumigation of the groves in the section in the autumn of 1906, and 
not more than 50 per cent of the fruit was washed in 1907. The 
overhead machinery was eliminated, the equipment considerably sim- 
plified and changed, the picking was done with more care in 1907, 
part of it by a picking crew under the control of the packing house, 
and the fruit was shipped out more quickly whenever the car short- 
age did not delay the shipments. In 1907 the average decay in the 
shipping experiments was as follows: Apparently sound brushed 
fruit, 1.8 per cent; apparently sound washed fruit, 2.6 per cent; com- 
mercially packed fruit, 4.8-per cent; mechanically injured fruit, 26.9 
per cent. 

This association has not yet reached the limit of practical improve- 
ment, but the reputation of its brands of fruit has already been ele- 
vated to a higher class, as the fruit has continued to arrive in the 
markets in better condition than formerly. 


THE SHIPMENTS OF PRECOOLED FRUIT. 


The shipments of precooled oranges in 1907 were begun in March 
and extended into May. They included apparently sound brushed 
and washed fruit, commercially packed fruit, and mechanically in- 
jured fruit, placed in cold storage at different lengths of time after 
packing and allowed to remain there until the fruit reached a tem- 
perature of 35° to 40° F., when it was shipped in refrigerator cars 
cooled by icing before the oranges were loaded. 
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The result of the shipments from a group of houses in which the 
fruit is handled roughly in the groves and packing houses is shown 
in the table following and also in figure 12: 


Taste VII.—Percentage of decay in precooled oranges, March to May, 1907. 


Decay following immediate cooling af- 
ter packing and a delay of 2 days 


Treatment or condition of fruit. | and 4 days. 

(None.) | (2 days.) | (4 days.) | Average. 

Per cent. | Per cent.| Per cent.| Per cent. 
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Fic. 12.—Diagram illustrating the percentage of decay in oranges cooled before shipping, 
March to May, 1907. 


Tt will be seen from the table and from figure 12 that the appar- 
ently sound brushed fruit decayed least and that there was a pro- 
eressive increase in the decay through the washed, the commercially 
packed, and the mechanically injured fruit. This increase in respect 
to the different types of fruit is similar to that occurring in the ship- 
ments under both ventilation and ice. The precooled shipments also 

‘bear out the principle of the shipments under: ventilation and ice 
in that the least decay developed in the oranges that were cooled 
quickly after packing, and considerable decay developed in the fruit 
in which there was a delay in cooling after it was packed. It ap- 
pears to be as essential to cool the fruit quickly if it is to be cooled 
before shipment as it is to ship it promptly after packing, under 
ventilation or ice. Tf the decay has an opportunity to develop for 
several days after the fruit is packed, it can not be eliminated by 
cooling the fruit to a lower temperature later on. 
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A COMPARISON OF THE DECAY FOUND IN CONNECTION WITH THE DIFFER- 
ENT METHODS OF SHIPMENT. 


By comparing the data under the different methods of shipment it 
will be seen that the apparently sound brushed fruit arrived under 
all conditions of shipment with the least decay: that the apparently 
sound washed fruit, which is more susceptible to decay on account 
of the washing and additional handling to which it is subjected, 
decayed more; that the commercially packed fruit, which contains 
more or less injured fruit, decayed still more, and that the greatest 
amount of decay developed in the mechanically injured fruit. Sound 
fruit to start with, therefore, is the foundation for sound fruit in 
market under all methods of shipment. 

It is equally clear that it is essential to ship the fruit promptly 
after packing or to cool it quickly if it is to be cooled before ship- 
ment. A delay of two days in shipping under ventilation or ice or in 
the cooling of the fruit resulted in an increase in decay, while a delay 
of four days developed a still greater amount, the increase being least 
in the apparently sound dry-brushed fruit and greatest in the 
mechanically injured fruit. It is better to leave the fruit on the trees 
until it can be shipped than to pick it and leave it in the packing 
house several days before shipment unless the weather is cold enough 
to retard the development of decay. 

As to the amount of decay under the different methods of shipment, 
the least decay developed in the precooled fruit, provided the ship- 
ments from the houses that handle the fruit roughly, as shown in 
figures 10, 11, and 12, are compared. On the other hand, there was 
less decay in the carefully handled commercial shipments under ven- 
tilation, discussed on page 44, than in any other series, notwithstand- 
ing the fact that the shipments extended through a greater length of 
time than those that were iced or precooled. This was due to the 
sounder condition of this fruit as a resuit of the careful handling 
methods used in its preparation for market. It will be seen also that 
the decay in the fruit shipped under ice from the group of houses 
that handle oranges carefully, discussed on page 47, is less than the 
decay in the roughly handled fruit cooled before shipment, discussed 
on page 46 and shown in figure 11. ; 

The comparative data bring out clearly that if the fruit is unin- 
jured when it leaves California it is likely to arrive in the East in 
comparatively sound condition, and that under adverse conditions, 
such as a delay in shipping the fruit, there is less decay in apparently 
sound fruit than in oranges that have been injured by handling. 
These data show clearly that it is detrimental to the shipping quality 
to delay the shipment of the fruit after it is picked and packed, and, 
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finally, that fruit which is susceptible to decay develops the least 
trouble when shipped under the precooling method. 


THE OBJECT OF COOLING FRUIT BEFORE SHIPMENT. 


The principal object of cooling fruit before shipment is to quickly 
retard the ripening processes and the development of decay and to 
equalize the temperature in the car during the trip. In ordinary 
iced shipments the fruit is loaded in a car in a warm condition, It 
requires several days after the fruit is loaded before the temperature 
of:the fruit is reduced to a degree of cold that retards the ripening 
and the decay. The ripening springs forward with unusual rapidity 
as soon as a fruit is picked, and as the air of the car is moist from 
the transpiration of the fruit the conditions are favorable to the rapid 
development of decay. In a refrigerator car the fruit 1s cooled by a 
slow gravity circulation of air from the ice bunkers. The tempera- 
ture of the air as it leaves the bunkers may fall as low as 34° F. It 
is warmed by contact with the fruit and grows warmer as it ascends 
and reenters the ice bunkers of the car. The temperature in the top 
of the car is several degrees warmer than in the bottom during the 
first part of the trip, as shown in figure 20, but this difference grad- 
ually grows less as the fruit becomes cold. 

These are fundamental difficulties in the present methods of han- 
dling perishable fruits. They limit the distribution of fruit to the 
area over which the top tiers of packages can be safely shipped, 
thereby preventing the development of the most distant domestic 
and foreign markets. They make it necessary to harvest the summer 
fruits prematurely to provide against the ripening that takes place 
in transit, thereby placing large quantities of insipid, flavorless 
peaches, plums, and other fruits before the consumers. 


THE REFRIGERATION OF CITRUS FRUITS IN TRANSIT. 


All of the considerations previously mentioned do not apply to the 
shipment of oranges under the ordinary methods of refrigeration. 
The ripening processes in citrus fruits proceed so slowly and are of 
such a nature that it is not necessary to ice the cars to retard the ripen- 
ing even with ripe fruit in hot weather. The citrus fruits are iced 
primarily to retard the development of decay and secondarily to re- 
tain the fresh appearance of the fruit on arrival in market by pre- 
venting undue evaporation from the skin during the trip. A carload 
of oranges under refrigeration cools down slowly, as each orange is 
partly insulated in the paper wrapper. The loose ends of the wrap- 
pers make a layer of paper between the rows of oranges, and the fruit 
is packed so firmly that this prevents a free circulation of cold air 
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around each orange. The cooling is done by conduction of heat 
from orange to orange and to the air surrounding the packages. In 
warm weather a car of fruit often covers from one-fourth to one- 
third of the trip across the continent before the temperature of the 
oranges drops to 50° F., as shown in figures 18 and 19. The fruit, 
therefore, may decay during the first part of the trip if it has been 
handled in such a way as to make it susceptible to decay, especially if 
it is not shipped promptly after picking and packing. If it is shipped 
promptly it does not decay excessively except in hot weather, as will 
be seen by reference to figure 11. The icing of the fruit retards the 
development of decay temporarily. It transfers the decay from the 
shipper to the receiver. It does not affect the shipping quality, 
except the general appearance, or the keeping quality of sound 
oranges, but it is a means of overcoming for the time being the bad 
effect of handling the fruit improperly in the groves and packing 
houses. 


THE COOLING OF ORANGES BEFORE TRANSPORTATION. 


The cooling of the orange before shipment insures less decay in 
transit in poorly handled fruit, as the fruit is started in a cold rather 
than a warm condition. The fruit arrives in sounder condition, but 
the oranges that might have decayed in transit under ventilation or 
ordinary icing decay after the fruit is removed to a warm tempera- 
ture unless it passes quickly into consumption, as shown in figures 
14 and 15. Icing or precooling used primarily to overcome the 
effect of improper methods of handling in the groves and packing 
houses should be severely condemned,,as it is a means of deceiving 
the purchaser who buys fruit that is apparently sound only to find 
the decay developing as soon as the fruit is removed to a warm tem- 
perature. 

The use of icing or of precooling as a means of overcoming losses 
that the grower and shipper can not prevent in the ordinary course 
of business is commendable and is essential in the handling of most 
of the orange crop in California in warm weather. 

The precooling of citrus fruits is worthy of consideration from 
other points of view. It appears to be possible to save ice in transit 
by loading the fruit in a cold rather than a hot condition, and it 
seems to make it possible to increase the freight-carrying capacity 
of a car if the fruit is properly cooled. without increasing the prob- 
ability of decay. Theoretically the heat withdrawn in reducing a 
carload of 384 boxes of oranges from 70° to 40° F. is equivalent to 
the melting of about 2.6 tons of ice. The rest of the ice used in 
transit: is consumed in protecting the fruit against the heat that 
comes in through the car and in cooling the car itself. The cars, 
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however, have to be iced before loading when cold fruit is shipped 
in them, a practice that is not followed under ordinary icing. The 
saving of ice in precooled fruit when the cars are reiced as often 
as they are under ordinary icing is shght and does not appear to be 
of practical importance. The saving comes, however, from the fact 
that it does not seem necessary to reice precooled fruit during the 
first part of the trip as often as it is done in ordinary icing. In 
the shipments in which the temperatures in the cars have been under 
observation during the transcontinental trip, the temperature of 
the fruit cooled to 35° and 40° F. has not begun to rise, even in hot 
weather, until a third or a half of the transcontinental trip has 
been covered, while in cooler weather the cars have covered the 
entire trip to New York without a detrimental rise in temperature, 
often arriving with at least a ton of ice in the bunkers. Under regu- 
lar icing the cars are reiced six or eight times during a transconti- 
nental trip. Representative records of precooled cars shipped from 
California with initial icing only are shown in figures 24 and 25. 

It is not intended to draw conclusions from the data at hand as 
to the effect of precooling as a means of saving ice, but rather to 
present a limited amount of data to show that this phase of the 
subject is worthy of careful consideration on the part of shippers 
and transportation companies. 

The second point worthy of consideration is the possible increase 
in the freight-carrying capacity of a car when loaded with fruit that 
has been cooled properly for shipment. Under the present method 
of shipment, the minimum freight weight of a carload of perishable 
produce is established not by the actual carrying capacity of the car, 
but by the height to which it is safe to load the car without excessive 
decay in the top tier or tiers of fruit and by the spacing between the 
packages that it is necessary to leave for a free circulation of air. 

Tn the experimental shipments of the Bureau of Plant Industry, a 
number of 40-foot cars have been forwarded with 549 instead of 384 
boxes, the latter number being a standard load under ordinary icing. 
The increase has been accomplished by loading the cars 7 rows of 
boxes wide, leaving all of the space next to the walls of the car, and 
3 tiers high, the upper tier being laid on the side, instead of 6 rows 
wide and 2 tiers high, as loaded under ordinary icing. The standard 
method of loading is shown in figure 3. The method of loading with 
549 boxes is shown in figure 13. Under the latter method of loading 
the fruit may arrive in New York in hot weather with a difference in 
temperature of 5 to 10 degrees between the top and bottom tiers of 
fruit, as shown in figure 23, but as the temperature of the fruit is 
low when it is loaded, it appears to be safe to ship oranges in this 
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manner in cool weather. In hot weather the cars can be loaded 2 
tiers high and 7 rows wide, making 448 boxes. In the first case the 
capacity of the car is increased 165 boxes, or 11,880 pounds, and in the 
second case 64 boxes, or 4,608 pounds. In a train of 30 cars the load 
is increased 356,400 pounds in the first case or 138,240 pounds in the 
second without adding dead weight to be hauled in the form of 
extra cars. 

This phase of the subject seems worthy of careful consideration 
on the part of shippers and transportation companies, especially in 
a time of car shortage. 


Fic. 13.—Boxes of oranges packed in accordance with the method used in loading a car 
with 549 boxes. 


HISTORICAL ‘DATA ON THE PRECOOLING OF ORANGES. 


The first precooling of oranges was done at the plant of the Los 
Angeles Ice and Cold Storage Company, Los Angeles, Cal., in the 
spring of 1905. At that time several carloads of fruit were cooled 
to 35° to 40° F. in the warehouse for the Bureau of Plant Industry, 
and, through the cooperation of this company, about 10 loaded cars 
were cooled by forcing cold air from a coil room in the cold-storage 
house through ducts which led to the car and back to the coil room. 
The cold air could be forced in either direction through the cars. A 
general view of the plant used in 1905 is shown in Plate IX, figure 1. 

The same line of work was continued in 1906 by the Bureau of 
Plant Industry, the fruit being cooled in the cold-storage warehouse. 
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A 3-ton ice machine was installed by a commercial company in a 
packing house at Arlington, Cal., in the spring of 1906, from which 
cold air was forced through a loaded car and back over a series of 
ammonia coils, and so on continuously around the circuit. The plant 
was built on a so-called intermittent vacuum principle, the object 
being to reduce the atmospheric pressure in the car frequently by a 
fan, thereby drawing the warm air out of the packages, to be replaced 
by the cold air when the cold current was again turned on. The 
capacity of this plant was too small for the purpose of either a prac- 
tical or experimental demonstration of its value. 

In the spring of 1907 the Bureau of Plant Industry had erected, 
under the direction of Mr. S. J. Dennis, expert in refrigeration, an 
experimental plant in cooperation with the Los Angeles Ice and Cold 
Storage Company, for the purpose of making accurate tests of the 
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Fic, 14.—Diagram illustrating the percentage of decay upon arrival in market and for 
two weeks thereafter of precooled oranges handled carefully, 1907. 


cooling of oranges in cars by forcing cold air through the cars. ‘This 
plant consisted of two 30-inch-square insulated ducts leading from an 
ammonia coil room capable of supplying from 16 to 20 tons of refrig- 
eration in 24 hours. With a motor and fan the cold air was forced in 
either direction through the car and back to the coil room. The tem- 
perature of the air was varied from 20° F. when first entering the 
car to higher temperatures. It was forced through the car at different 
velocities and in volume varying from 4,500 to 6,000 cubic feet a 
minute. This plant is shown in Plate TX, figure 2. .It is hoped to 
present a report on this plant from the engineering point of view 
and a discussion of the cold storage of oranges in a future bulletin of 
the Bureau of Plant Industry on “ The’ Cooling of Fruit for ae 
ment.” 
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Tn addition to the work at the plant at Los Angeles, Cal., extensive 
shipping experiments were conducted by the Bureau of Plant Indus- 
try in 1907 with fruit cooled in cold-storage plants in different parts 
of the State. A few cars were cooled also at the 3-ton plant at Ar- 
lington, Cal., by different parties, and about 300 cars of fruit were 
cooled commercially in different ‘cold-storage warehouses, the fruit 
having been stored primarily on account of a shortage in cars. 

During the summer of 1907 an experimental precooling plant was 
erected by interests connected with the Santa Fe Railroad at San 
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Fic. 15.—Diagram illustrating the percentage of decay upon arrival in market and for 
three weeks thereafter of oranges handled roughly, shipped under ice, 1907. 


Bernardino, Cal., and another plant at Roseville, Cal., by interests 
connected with the Southern Pacific Company. 


THE KEEPING QUALITY OF ORANGES AFTER ARRIVAL IN 
MARKET. 


During the season of 1907 data have been secured on the keeping 
quality of oranges after arrival in market, the fruit having been 
prepared for shipment in different ways in California. The ship- 
ments included apparently sound brushed and washed fruit, com- 
mercially packed fruit, and mechanically injured fruit. Shipments 
were forwarded under ventilation, under ice, and after precooling, 
but not under conditions that make a comparison of the three 
methods feasible. 
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On arrival in New York the fruit was held for different lengths 
of time in a storeroom of a wholesale fruit merchant, and the decay 
was determined at the end of each succeeding week in storage. 
Shipments of this type arrived during April, May, and June. 

One series of tests included the regular commercial shipments of 
a large corporation whose fruit is handled in the groves and pack- 
ing houses with extreme care. The fruit is the same as that repre- 
sented by the results discussed on page 45. All of it was forwarded 
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Fic. 16.—Diagram showing the temperature record of a carload of oranges shipped 


under regulated ventilation, April, 1906. 


under ventilation. The decay developed at different lengths of time 
after arrival in New York is shown in the following table: 


Taste VIII.—Percentage of decay in carefully handled oranges, shipped under 
ventilation, after arrival in New York, 1907. 


Time of inspection. 


Character of oranges shipped. | 


On ar- | After1 | After 2 | After 3 
rival. week. weeks. weeks. 
Per cent.| Per cent.| Per cent. Per cent. 
Commercially handled fruits -s6..22. -os2 226 Ase sche eas eee ees 2. 5.0 9.1 eA 


There was also forwarded from this house in June, after pre- 
cooling, some carefully selected fruit, commercially packed fruit, 
and mechanically injured fruit. The decay in the different lots at 
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different lengths of time after arrival in New York is shown in the 
following table, and also in figure 14 (p. 56): 


TasLte IX.—Percentage of decay in precooled oranges handled carefully, after 
arrival in New York, 1907. 


Time of inspection. 
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Fic. 17.—Diagram showing the temperature record of a carload of oranges shipped 
under regulated ventilation, April, 1907. 


These data are comparable with the decay under ventilation so 
far as the commercially packed fruit is concerned. There was a little 
less decay in the precooled than in the ventilated fruit on arrival, 
and the development after arrival was slightly less. The difference 
shown is so slight as to be of no practical value except to indicate 
that precooled fruit that is reasonably sound is not more likely to 
decay after arrival in market than equally sound ventilated fruit. 
The increase was slightly less in the apparently sound fruit and 
greatest in the injured fruit. 
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The following table shows the amount of decay in fruit from 
houses where the oranges handled were picked and packed rather 
roughly, the fruit arriving during May and June under ice. The data 
are shown also in figure 15 (p. 57). 


TABLE X.—Percentage of decay in oranges handled roughly, shipped under ice, 
after arrival in New York, 1907. 


Time of inspection. 


After 1 
week. 
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rival. 


| 
| 


| Per cent. Per cent.| Per cent.| Per cent. 


Apparenthy souneeiniliies see aee eee eee ee a eee eae 1.4 6.1 12.7 17.0 
Commeroiallyspacked) frail: 226 js cses vents ase ae eee ee 1.9 | 13.0 20.7 25:3 
Mechamicallyainypned trite cee epee ene Sate a ere 7.4 | 22.9 39.9 46.1 
: SF E.G & 
N AS si : 
Sct Bee a ke REISE es 
RF OaG Sots sy Sook UWE Se 
oe eRe SR SS ee 
PPG seseS § Ee se sy gs 
i) BANS S ) Be vs gt xX 
=> k& =v FL Ss Q t 3 
5 § SSENE § EL Gk S-§ 


TEMPERA UfPE 
SAHFe. 


iF 7 
4) ——— ee PATFT clas | Be 
Be See= 52 = = ami EB 


Fic. 18.—Diagram showing the temperature record of a carload of oranges shipped 
under regular icing, May, 1906. 


13 


This table shows the least development of decay in the apparently 
sound oranges and the greatest development in the mechanically in- 
jured fruit. The increase in decay in the commercially packed fruit, 
which contains more or less injured fruit, is greater than the decay 
‘in the sound fruit from which the oranges showing visible mechan- 
ical injuries have been eliminated. 

The data on the keeping quality of the fruit in New York, taken 
as a whole, show clearly that sound fruit to start with is the basis 
for good keeping quality after arrival in market, as well as the basis 
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for soundness on arrival; that carefully handled sound fruit keeps 
as well when shipped under precooling as ventilated fruit, but that 
unsound fruit having the decay retarded during shipment either by 
precooling or by icing decays badly when exposed to a warm atmos- 
phere. The general impression that iced fruit decays more quickly 
than ventilated fruit when exposed to warm air is usually true so 
far as oranges that are mechanically injured are concerned, as the 
injured fruit is more likely to develop decay in transit under venti- 
lation, but it is not well founded when applied to sound fruit. 
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Fie. 19.—Diagram showing the average temperature record of two carloads of oranges 
shipped under regular icing, May, 1907. 


THE INVESTIGATION OF THE TEMPERATURE OF ORANGES WHILE 
IN TRANSIT. 


During the spring of 1906 and that of 1907 an investigation was 
made of the changes that occur in the temperature of the fruit, the 
air in the car, and the outside air during the movement of cars of 
fruit across the continent under ventilation, icing, and with fruit 
cooled before shipment and forwarded under several conditions of 
icing. The records were taken by Mr. G. W. Hosford and Mr. H. M. 
White, who made several transcontinental trips with train loads of 
oranges, reading the thermometers several times a day by entering 
the cars at the icing stations and other stopping points. 
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‘This investigation was made possible through the cooperation of 
the railroads in allowing the icing in transit, the reading of the 
thermometers, and other matters connected with the investigation to 
be done by, or under the direction of, the representatives of the 
Bureau of Plant Industry. The records appearing in this discussion 
were made in cars forwarded over the Santa Fe route. 

From three to six thermometers were placed in each car, one 
to determine the temperature of the air just above the boxes of fruit, 
the others to determine the temperature of the fruit itself. These 
latter were inserted in oranges in the packed boxes. With the ex- 
ception of a few cases noted, the fruit temperatures were taken in 
the upper half of boxes in the upper tier midway between the door 
and the end of the car, one thermometer being placed in an orange 
next to the outside of the box, and another in an orange in the inside 


or center of the box. For this purpose special long mercurial ther- 
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Fic. 20.—Diagram showing the temperature change of the oranges in the top and bottom 
tiers of boxes in a car shipped under regular icing. 


mometers were used which could be read without being removed from 
the orange. The fruit temperature shown in the following diagrams 
is the average of the inside and outside fruit temperatures. In some 
cars a thermometer was placed in the lower half of a box in the lower 
tier in front of the door. All of the records were made in standard 
40-foot refrigerator cars loaded with 384 boxes, except as noted. 
The diagrams that follow cover two representative records under 
each method of shipment. 


TEMPERATURE RECORDS IN VENTILATED CARS, 


The accompanying chart, figure 16, shows the temperature record 
of a car shipped in April, 1906. The record of the temperature of the 
air of the car was not begun until the train reached the vicinity of 
Raton, N. Mex. This car was forwarded under regulated ventilation ; 
that is, the ventilators, or ice plugs, in each end of the car were sup- 
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posed to be closed whenever the outside air was warmer than the fruit 
and were opened when the outside air was colder. The regulation in 
this respect differs from the standard ventilation in practice, which 
usually provides, so far as the temperature is concerned, that the 
ventilators shall be closed whenever the outside temperature falls 
below 32° F., but does not provide against the rise in temperature 
in the car when the outside air is above the temperature of the fruit. 
The regulation of the ventilators in this car was not entirely accurate, 
as shown in the vent record at the bottom of the chart. The fruit 
temperature is an average of the temperature in the inside of a box 
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Fic. 21.—Diagram showing the temperature record of a standard carload of 384 boxes 
of oranges, precooled and shipped under regular icing, March and April, 1907. 


in the top tier at the end of the car and the temperature in the fruit 
in a similar position in the center of the car. 

It will be seen that the temperature of the air of the car lags behind 
the temperature of the outside air, while the lag in the fruit tem- 
perature is much greater than that of the air of the car. The fruit 
temperature changes slowly even when extreme differences occur 
outside. 

The chart shown as figure 17, page 59, presents the temperature 
record of a car of oranges shipped under regulated ventilation in 
April, 1907, with somewhat different weather conditions from those 
occurring on the former trip. 
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The results of the experiments with this car demonstrate the fact 
that the temperature of the fruit changes much more slowly than the 
temperature of the outside air. Tt is worth noting that several times 
during the trip the temperature of the outside air fell below 32° F. 
and at one time dropped to 24° IF’. Notwithstanding the fact that 
the vents were open at the time, the temperature of the fruit, 
while falling steadily, did not reach a point where there was 
danger of reading. Two days of this comparatively low tempera- 
ture, April 13 and 14, 1907, only reduced the fruit from 50° to 38° F. 

The afeeaae of these records shows that the temperature of a 
carload of oranges under ventilation changes slowly in comparison 
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Fic. 22.—Diagram showing the temperature record of a carload consisting of 549 boxes 
of oranges, precooled and shipped under regular icing, April, 1907. 


with the temperature of the outside air; that the temperature out- 
side may often fall to the freezing point or below without injury 
to the fruit, provided the fruit temperature is somewhat above that 
point at the time; that the danger of freezing depends on the per- 
sistence of and the degree of the low temperature without or the 
rearness of the fruit to it when the car enters a freezing tempera 
ture: and that the temperature of the fruit in transit would be more 
uniform if protection was made against warm temperatures as well 
as against cold in the handling of the ventilators. This suggests 
the need of an organized messenger service for the regulation of 
ventilated fruit cars, the ventilation to protect the fruit against both 
excessive cold and heat 
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The chart shown as figure 18, page 60, shows the record of a carload 
of oranges shipped under ice in May, 1906. The fruit started at 63° 
F., which is comparatively cool, and the outside air was also com- 
paratively cool until the train -reached western Kansas, after which 
it averaged considerably higher, except at the end of the trip. The 
temperature of the fruit was 63° F. in starting and reached 50° F. 
on the fifth day, but did not fall much lower, while the outside tem- 
perature remained high. 

The record shown in figure 19 (p. 61) represents the average tenrpera- 
ture of two cars shipped in the same train under ice in May, 1907. 
Each car showed practically the same temperature throughout the 
trip. The temperature of the fruit is the average of five different 
temperatures in each car. Two of them were taken in the usual 
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Fic. 23.—Diagram showing the temperature changes in the fruit in the bottom, middle, 
and top tiers in a carload of 549 boxes of oranges, precooled and shipped under initial 
icing only. 


place, halfway between the door and end of the car, two were 
taken in the top tier in the middle of the car and represent the 
average temperature of the inside and outside fruit, and the fifth 
in the center of the box in the lower half of the lower tier in front 
of the door. The fruit started at 64° F., reached 50° TF. on the 
fourth day, and arrived in Jersey City at 48° F. 

The chart shown as figure 20, page 62, shows the average cooling of 
the oranges in the top and bottom tiers of boxes in the cars shipped 
under ice in 1907. The temperature was taken in the upper half 
of the boxes in the top tier and the lower half of the boxes in the 
bottom tier. The bottom tier cooled faster than the top for several 
days, the maximum difference reaching 7 to 8 degrees on the third 
and fourth days of the trip. Gradually the extreme difference be- 
tween the tiers disappeared, the temperatures of the two tiers from 
the seventh day remaining about 4 degrees apart. 
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The records show, in substance, that under icing the fruit is not 
reduced to a low temperature until a considerable part of the trans- 
continental trip has been covered, and that the fall in temperature in 
the top tier lags behind the bottom tier throughout the trip. These 
records indicate the reason why the fruit sometimes decays excessively 
when shipped under ice and why the top tiers of fruit, especially in 
cars of deciduous fruit, reach the market in an overripe and decay- 
ing condition. Many oranges leave California at a temperature of 
80° F. or higher. The decay starts during the early part of the trip 
under the icing method, before the fruit is cooled. 
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Fic. 24.—Diagram showing the temperature record of a carload of oranges, precooled 
and shipped under initial icing only, May, 1906. 
TEMPERATURE RECORDS OF FRUIT COOLED BEFORE LOADING AND ICED 
REGULARLY IN TRANSIT. 


The chart shown as figure 21 (p. 63) is a record of the temperature 
of a carload of oranges of 384 boxes placed in cold storage before load- 
ing and which left California in March, 1907, at a temperature of 38° 
F. The car was iced before the fruit was loaded and was reiced in 
transit at the regular icing stations. The temperature of the fruit 
remained practically constant throughout the trip, the air of the car 
changing slightly with the outside air. 

The accompanying chart, figure 22 (p. 64), is a record of the tem- 
perature of a carload of 549 boxes of oranges placed in cold storage 
before loading and which left California in April, 1907, at a tempera- 
ture of 38° F. The car was iced before the fruit was loaded and was 
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reiced regularly in transit. All of the thermometers in this car were 
placed near the door. The fruit temperature is an average of the fruit 
next to the outside of a box in the third or top tier and the fruit in the 
center of the lower half of a box in the bottom tier. The temperature 
of the fruit rose to 45° F. during the first half of the trip and prob- 
ably would have risen higher if the outside temperature had not been 
colder during the latter half of the trip. 

The accompanying chart, figure 23 (p. 65), illustrates the average 
temperature of the fruit in the different tiers of a 3-tier car loaded 
with 549 boxes. The fruit was loaded into the car at a temperature of 
38° F. Upon arrival in Jersey City it was found that the temperature 
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Fic, 25.—Diagram showing the temperature record of a carload of oranges, precooled 
and shipped under initial icing only, May and June, 1907. 

on the top tier was 51°, the middle tier 48°, and the bottom tier 

43° F. This is the largest difference that has been found in any of 

the 3-tier precooled cars under observation. The record is the result 

of reading the temperature of the fruit at the beginning and end of 

the trip and is not a continuous record from day to day. 


TEMPERATURE RECORDS OF FRUIT COOLED BEFORE LOADING AND ICED IN 
CALIFORNIA ONLY. 

The chart shown as figure 24 is a record of a carload of oranges 
placed in cold storage before loading and which left California in 
May, 1906, at a temperature of 42° F. The car was iced before Joad- 
ing and was reiced at San Bernardino before leaving California. It 
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was not reiced during the rest of the trip. It arrived in Jersey 
City with about 700 pounds of ice in the two bunkers. During the 
first half of the trip the weather was reasonably warm, but the tem- 
perature of the fruit remained fairly constant. During the latter 
half, through Kansas and as far as Illinois, the outside temperature 
was higher. The temperature of the car then began to rise, the tem- 
perature of the fruit rising also from 45° to 55° F., but lagging con- 
siderably behind, with a tendency to recede during the cooler weather 
at the end of the trip. In this connection the record of the car under 
ice shown in figure 18, made in the same train, should be noted. In 
this car the fruit started at a temperature of 63° and did not drop 
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Fie. 26.—Diagram showing the temperature record of a carload of oranges, precooled 
and shipped without icing under regulated ventilation, April, 1907. 
below 50° F. during the warm weather. In the fruit precooled and 
iced in California only it started at 42° and rose during the latter 
half of the trip as high as 55° F. The condition of temperature in 
the precooled car is preferable so far as the decay of the fruit is 

concerned. 

The chart shown as figure 25 is a record of a carload of oranges 
of 416 boxes placed in cold storage before loading and which left 
California in May, 1907, at a temperature of 39° F. - This car was 
iced before loading and was reiced at San Bernardino before leaving 
California, but not during the rest of the trip. The car was loaded 
7 rows of boxes wide on the bottom tier and 6 rows wide on the top 
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tier. It arrived in Jersey City with 3,000 pounds of ice in the two 
bunkers. The temperature of the fruit rose gradually from 39° 
to 48° F. In this connection the record of the iced car shown in 
figure 19, which was in the same train, should be noted. The lower 
temperature during the latter half of the trip reduced the tempera- 
ture of the fruit to a lower degree than the fruit in the iced car shown 
in figure 18, and at the same time it prevented as great a rise in the 
cold fruit as occurred in the car shown in figure 24. It also saved 
the ice as compared with the car shown in figure 24. 

The chart shown as figure 26 shows the record of a carload of 
oranges placed in cold storage which left California in April, 1907, 
at a temperature of 37° F. The car was not iced either before or 
after loading. It was forwarded with the ice plugs inserted. The 
temperature outside was warm and the temperature of the fruit rose 
rapidly. After the train reached Winslow, Ariz., the temperature of 
the air at night began to fall below the temperature of the fruit, and 
from that point on the car was run under regulated ventilation. The 
record indicates that it is not safe, so far as the temperature of the 
fruit is concerned, to load precooled fruit in warm weather in a hot 
car and to forward it without ice. 


SUMMARY OF PRECOOLING RECORDS. 


The substance of the records under precooling demonstrates that 
the temperature remains fairly constant in fruit that has been 
cooled and is forwarded in a car iced before loading and iced regu- 
larly in transit; that the temperature of fruit cooled to about 40° F., 
forwarded in a car iced before loading, and reiced at San Bernardino, 
Cal., only, remains fairly constant for at least half of the transconti- 
nental trip, when the temperature may begin to rise if the weather is 
warm; that it may be safe to ship oranges cooled to about 40° F. to 
points in the western half of the United States with California icing 
only, provided the time in transit is normal; that the fruit may be 
shipped across the continent in reasonably cool weather when handled 
under the preceding conditions; that the need of reicing in transit 
would probably have to be governed by the quantity of ice remaining 
in the bunkers at any point and not by a predetermined fixed rule, 
and that it is not safe to load cold fruit in a warm car and forward it 
without icing. 

SUMMARY. 


The citrus-fruit crop of California amounts to nearly 30,000 cars 
annually, of which the orange comprises from 85 to 90 per cent. 
The fruit is grown under intensive culture, and the handling, ship- 
ping, and marketing of the crop have resulted in the development of 
complex and highly specialized business practices. 
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The losses from decay in the orange during transportation for- 
merly amounted to $750,000 to $1,500,000 annually. The decay is’ 
caused by a blue-mold fungus which enters the orange through me- 
chanical abrasions in the skin. The most common forms of mechan- 
ical injury are those caused by the clippers in cutting the fruit from 
the tree, stem punctures, and scratches and bruises produced in 
the packing houses. Most of these injuries are invisible to the 
inexperienced eye. There has been a wide variation in the amount 
of injury in the fruit of different pickers, growers, and packing 
houses, the variation commonly running from 1 to 50 per cent. A 
good deal of the trouble has been related to methods of business 
which place a premium on the amount rather than the quality of the 
work done by the picker, the grower, or the packing house. 

By holding in many packing houses in California fruit that has 
been picked at different periods of the season, in different sections 
of the citrus belt, and that has been handled in different ways, it has 
been shown that the fruit that is handled the least develops the least 
decay, while the fruit that shows the greatest amount of injury 
develops the most decay. From the standpoint of the packing house, 
the least decay develops in sound unbrushed fruit. Brushing in- 
creases it, washing increases it still more, and any treatment that 
cuts or tears the skin is followed by the greatest amount of decay. 

There appears to be little difference in the amount of decay in 
oranges grown in different sections that have been handled in a 
similar manner, or in oranges picked from the same grove avith 
equal care at different periods of the season, at least from January 
to May. 

The “curing” of the orange for a few days before packing wilts 
the skin and in the early part of the season makes it phable to 
handle. The curing is probably not harmful to uninjured fruit, 
but under the conditions of commercial handling in California the 
blue mold begins to develop in the injured oranges during the curing 
period, but does not develop far enough to be seen by the graders 
except in fruit that has been injured severely. 

Tf the fruit is packed promptly after picking and is shipped at once 
in a cool temperature the decay may not develop in transit. The 
most progressive shippers now pack the fruit promptly after picking. 

Tt is unnecessary to brush so large a proportion of the sranges as 
has been customary in the past, and the washing can be avoided by 
treating the groves properly for scale. The packing houses all 
through the citrus belt are being modified in the direction of more 
simple machinery. 

The shipping experiments of the Bureau of Plant Industry dur- 
ing the last three years have included 297 shipments of fruit to New 
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York. The shipments have included oranges handled in different 
ways before packing. The fruit has been shipped at different lengths 
of time after packing, and it has been forwarded under ventilation, 
icing, and precooling followed by different conditions of icing. 

From the standpoint of the handling of the fruit the least decay 
has developed under all methods of shipment in the sound, carefully 
handled oranges, and the greatest amount has developed in those that 
were mechanically injured. From the standpoint of the prompt- 
ness of shipment after packing the least decay has developed in the 
oranges shipped immediately after packing, and the decay has in- 
creased in proportion as the time between packing and shipment has 
lengthened. From the standpoint of the method of shipment the 
least decay developed in the precooled fruit that was loaded in the 
cars in cold condition. 

The cooling of the fruit to a temperature of about 40° F. before 
shipment appears to save ice in transit, as the cars do not require 
reicing as often as they do when forwarded under regular icing. 
It appears also to increase the freight-carrying capacity of a car 
by making it possible to load the boxes more closely than is safe 
under regular icing. From the standpoint of decay, precooling the 
fruit is not essential, as the decay can be avoided by handling the 
fruit carefully. Precooling retards decay temporarily, but does not 
remove the cause. It should supplement rather than take the place 
of careful handling. 

In the market holding tests the fruit that has not been mechan- 
ically injured keeps the longest, while the greatest loss occurs in 
oranges that have been thus injured. 

The temperature of the fruit changes slowly in transit. In venti- 
lated cars there may be extreme changes in the outside air, and if 
the extremes do not persist long the changes in the temperature 
of the fruit are relatively slow. In iced cars the temperature falls 
relatively fast during the first few days, but a train may cover one- 
third of the trip across the continent before the temperature of the 
fruit reaches 50° F. The decay develops rapidly during the early 
part of the trip, while the fruit is warm. In a car in which the 
fruit is cooled to 40° F. or lower before shipment the temperature 
remains nearly constant if the car is reiced regularly in transit. In 
cool weather it remains fairly constant without additional icing 
after the car leaves Califormia. In warm weather the reicing during 
the first half of the trip can be avoided, but the car may need re- 
icing during the latter half of the trip. 

123 


dA by Asel Ha. 


DESCRIPTION OF PLATES. 


Puate I. Frontispiece. Washington Navel oranges, showing blue-mold decay. 
The upper figure shows the stem cut short, with an injury in the fruit made 
by the clippers. The decay started at this injury. The lower figure shows 
an orange with a long stem and a puncture made by such a stem. The 
decay is developing around the injury. (Fruit considerably reduced in 
size.) 

Puate II. Washington Navel orange trees. Fig. 1.—One of the Washington 
Navel orange trees sent to California by the Department of Agriculture in 
1873. Fig. 2.—A Washington Navel orange tree three years after planting. 

Puate III. California orange groves and a packing house. Fig. 1.—<A typical 
view of bearing orange groves. The foreground shows contour planting to 
facilitate irrigation. Fig. 2.—Interior view of an orange packing house in 
southern California, with an old-style overhead sizing machine and gravity 
chutes leading to the bins. This type of house contains too much compli- 
cated machinery to insure careful handling of the fruit. 

Pirate IV. Orange brushing machines. Fig. 1—A common type of brushing 
machine with a hopper. Fig. 2.—A belt-carrying device placed over the 
brush to deliver the fruit from the hopper to the elevator. This device 
can be remoyed when it is desired to brush the fruit. 

Piate V. Machinery in use in an orange packing house in southern California. 
Fig. 1—An automatic weighing machine in operation. Fig. 2.—One type 
of sizing machine in operation. The narrow carrying belts on either side 
are used to return to the graders poor fruit found in the bins. 

Piate VI. An interior view of a desirable type of orange packing house. This is 
a type of house without overhead or complicated machinery. The grading 
belt in the background is shown in detail in text figure 2. The drop from 
the grading belt to the sizers is necessary to allow room for the weighing 
machines. (From a photograph furnished by the manager of the packing 
house. ) 

Prate VII. The washing of citrus fruits. Fig. 1—A lemon washing machine 
in operation. The fruit is emptied into the tank of water at the right of 
the picture. It is then cleaned between revolving brushes in the circular 
tank and delivered on the canvas table at the left, where it is graded 
according to color. Similar machines are used in washing oranges. 
Fig. 2.—Washed oranges on drying racks. 

Puiate VIII. Valencia oranges. The upper specimen was taken from a grove 
that had been thoroughly fumigated for the black scale. The lower speci- 
men is from a groye that had not been fumigated for the black scale. The 
sooty-mold fungus on the upper part of the fruit grows in the honeydew 
exuded by the scale. Such fruit has to be washed. (Fruit considerably” 
reduced in size.) 

Pirate IX. The cooling of oranges in cars before shipment. Fig. 1.—The ex- 
perimental plant used in 1905. Fig. 2.—The experimentai plant erected 
and used in 1907. 

123 


74 


PLATE Il. 


Bul. 123, Bureau of Plant Industry, U. S. Dept. of Agriculture. 


FIG. 


1.—A TREE SENT TO CALIFORNIA BY THE DEPART- 
MENT OF AGRICULTURE IN 1878. 


WASHINGTON NAVEL 


Fig. 2.—A TREE THREE YEARS AFTER PLANTING. 


ORANGE TREES. 


Bul. 123. Bureau of Plant Industry, U. S. Dept. of Agriculture. PLATE Ill. 


Fic. 1.—A TYPICAL VIEW OF BEARING ORANGE GROVES. 


Fic. 2.—INTERIOR VIEW OF AN ORANGE PACKING HOUSE WITH AN OVERHEAD SIZING 
MACHINE. 


CALIFORNIA ORANGE GROVES AND A PACKING HOUSE. 
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Fic. 2.—A BELT-CARRYING DEVICE OVER A BRUSHING MACHINE. 
ORANGE BRUSHING MACHINES. 


Bul. 123, Bureau of Plant Industry, U. S. Dept. of Agriculture. PLATE V. 


Fic. 2.—A TYPE OF SIZING MACHINE. 
ORANGE PACKING-HOUSE MACHINERY. 
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Fic. 1—A LEMON WASHING MACHINE IN OPERATION. 


Fic. 2.—WASHED ORANGES ON DRYING RACKS. 
THE WASHING OF CITRUS FRUITS. 
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Fic. 1.—THE EXPERIMENTAL PLANT USED IN 1905. 
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Fic. 2.—THE EXPERIMENTAL PLANT USED IN 1907. 


THE COOLING OF ORANGES IN CARS BEFORE SHIPMENT. 
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LETTER OF TRANSMITTAL. 


U. S. DeparTMENT or AGRICULTURE, 
Bureau or Puant Inpustry, 
OFrFriIce OF THE CHIEF, 
Washington, D. C.. December 6, 1907. 


Str: I have the honor to transmit herewith. and to recommend 
for publication as Bulletin No. 124 of the series of this Bureau, a 
manuscript entitled “The Prickly Pear as a Farm Crop,” by Dr. 
David Griffiths, which has been submitted by Prof. W. J. Spillman, 
Agriculturist in Charge of Farm Management Investigations, with 


a view to publication. 


This is the first report based upon actual experiments dealing with 
the cultivation upon a field basis of any of the peculiar and interest- 
ing plants known as prickly pears. They have been utilized to a 
large extent in the economy of the stock business of southern Texas, 
but have never before been cultivated as a field crop in this country. 

The author desires to acknowledge his indebtedness in the conduct 
of these investigations to the cooperation of Mr. Alexander Sinclair, 
upon whose ranch the work is being carried on, and to his son, Mr. 
William Sinclair, who has so faithfully cared for the plantation. 


Respectfully, 
B. T. Gattoway, 


Chief of Burean. 
Hon. James WIitson, 
Secretary of Agriculture. 
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THE PRICKLY PEAR AS A FARM CROP. 


c INTRODUCTION. 


No attempts have been made hitherto to cultivate prickly pear as 
a regular crop in this country. The nearest approach to it was 
made by some of the old mission fathers of California, who im- 
ported cuttings, probably from Mexico, and planted them in hedges, 
where they served the double purpose of barriers against stock and 
as food for man. That they received any appreciable degree of 
cultivation, however, is very doubtful. They were probably grown 
in much the same manner that the so-called cultivated prickly pears 
are grown in Mexico to-day. 

An extended use has been made of the native crop at various times 
for the past fifty years or more in southern Texas, but it has mainly 
been spasmodic, lasting only until “the drought was broken,” ex- 
cept for sheep and goats, which are fed on it regularly, and in the 
case of the few dairymen who have made it a practice to feed it for ¢ 
portion of each year. In short, the prickly pear has been con- 
sidered an emergency feed, to be used only when other feeds fail. 
Even enthusiastic pear feeders in Texas thought that the results to be 
obtained from planting and cultivating an experimental tract would 
only be “ very interesting.” There was little expectation that the 
plants would respond to cultivation as they have done. The facts 
presented in this paper, however, show that the prickly pear will 
produce, under proper cultural methods similar to those used for the 
common staple crops, yields of roughage superior to some of the 
standard agricultural crops of the region, especially when an off 
year occurs. It has proved itself under cultivation not only an 
emergency feed but an insurance against famine, as well as a plant 
which can be grown and depended upon regularly as a farm crop. 

The investigations of this subject at the present time are very 
opportune indeed, because the demand for such a crop is not as great 
in southern Texas now as in a thickly settled region, giving ample 
time for growers to learn just the position that the crop should 
occupy in the economy of their operations. Land is still changing 
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hands in southern Texas in 200-section blocks, and all of it has 
more or less prickly pear growing upon it. It is not to be expected 
that holders of such areas will be concerned with the culture of 
prickly pear any more than they will be concerned with the culture 
of any other crop, for they have plenty of pear growing wild in 
their pastures now, often more than they can possibly use. Settle- 
ment and subdivision of holdings are taking place very rapidly, 
however, throughout the region, and the time is not far distant 
when the whole country will be divided up into small holdings where 
the small farmer will depend upon a variety of crops and where use 
will be found for a crop lke this which can withstand a protracted 
drought of two or three months or more without artificial irrigation. 

Indeed, many large communities now exist which need to grow 
some crop of this kind. In the vicinity of the larger cities dairymen 
have for years been in great need of roughage upon which they 
can depend, as well as succulent feed, which is not usually available 
during one-half of the year. In the vicinity of San Antonio, Tex., 
the feeding of the prickly pear has been so extensive during the past 
six years that the pastures have been practically depleted of it 
within a radius of eight miles from the city. Still, the hauling of 
the crop such distances is doubtfully profitable, especially when it 
must now almost invariably be paid for. When it is remembered 
that a cow will eat in the neighborhood of 100 pounds a day, it will 
be readily understood that to haul pear such distances for feed is 
very burdensome. These dairymen could much better afford to turn 
some of their native brush pastures into cultivated fields of prickly 
pear, wherein they could feed the crop with no handling and be 
insured against a shortage of roughage. The conditions around San 
Antonio are practically duplicated near Laredo. 

Attention should be called here to the fact that this report applies 
to the experiments conducted at San Antonio only and that the terri- 
tory to which the experiments apply extends, roughly, from Houston 
to Del Rio and from Austin to Brownsville. Investigations along 
similar lines are being conducted in New Mexico, Arizona, California, 
and Florida, but it is not time to report upon them yet. 


CLIMATIC CONDITIONS OF THE REGION. 


According to Bulletin Q, “Climatology of the United States,” 
issued by the United States Weather Bureau, the mean annual pre- 
cipitation for the city of San Antonio for the past eighteen years 
has been 28.4 inches. The total amount for the driest year for the 
same period was 15.9 inches, and the total for the wettest year, 40.5. 
These figures are very important in the interpretation of these inves- 
tigations and show that the work is being done in a region of rela- 
tively high average annual rainfall. These tables do not, however, 
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tell the whole story. It is necessary to study the monthly totals in 
order to appreciate the conditions of moisture prevailing. The fol- 
lowing table is compiled from monthly totals of precipitation for 
the past ten years and shows in a striking way how irregular is the 
distribution of moisture: 


TABLE I.—Monthly totals of precipitation for San Antonio, Tex., for the ten years 
from 1897 to 1906, inclusive, in inches. 


nl 
| 


Month. 1897. | 1898. | 1899. | 1900. | 1901. | 1902. | 1903. | 1904. | 1905. | 1906. | Monthly 
| | | extremes. 
| 

0.46 | 0.38 | 5.42 | 0.41 | 0.70 | 0.29 | 0.30 to 5. 42 
Tie} SSW Sal | 71, [97255 1.07 | .15 to 7.88 
1.47| *T.| 434) 154] .12 | 1.29 | *T.to 4.34 
1.46 | 2.60|9.11/ .59 | 2.31 | 3.94] .59to9.11 
1.06 | 2.22 | 4.47 | 2.47 | 3.14 -86 | 1.06 to 5.93 
7.06 | 4.32] 78 | 1.86| .02 | .62| .02 to 7.06 
j 2.94 | 2.85 | 2.24 | 3.79 | 3.85 4.34] .98 to 7.52 
gee bet Seles s lo... -40|3.35) .00/ 4.05!) .96| .00 2.25} .00to 4.05 
September. ........--+-.- 1.61 | 1.32 57 | .97 | 4.20 | 5.52 1.74 .57 to 7. 47 
October........- fi Cea 1.35 | .03| 1.31 | 2.94| .12 | 2.54 1.09 | .03 to 2.94 
November......7......-- -43 | 1.34 | 1.70 | 1.82 | .64 | 3.53 1.33| *T.t03.53 
December............-.-- 1.34 | 1.54| 3.39] .70) 115 | 2.51 1.60| .15 to 3.39 


* T= trace: 


With an equitable distribution of the rainfall there would be less 
demand for a crop which can withstand periods of drought. 

The column showing monthly extremes in the table above is most 
striking; only three months have a minimum of more than one-half 
inch. A glance at the columns of monthly totals will show nearly as 
striking variations for the seasons. Even this table does not tell the 
complete story. One must take into consideration the torrential 
character of the summer rains. A rainfall of 4 inches is not at all 
uncommon and may occur over a very local area. 

These are the moisture conditions especially adapted to the suc- 
cessful growth of prickly pear. Attention is called to this especially 
because ar the apparently well-established idea in the popular mind 
that the plants will grow with little or no water—i. e., are adapted to 
any desert condition. On the contrary, they are adapted to grow 
where the rainfall is considerable but irregularly or periodically dis- 
tributed. These plants can not grow without water any more than 
any others, but they can get along for long periods without it on 
account of the large quantities which they store up in their succulent 
tissues. 

As regards temperature “ we are concerned with this crop mainly 
in the minimum. The lowest temperature recorded by the Weather 


“The records are all compiled from the United States Weather Bureau 
records in the city of San Antonio, which are not perfectly satisfactory for our 
Station, because it is not only 8 miles distant, but 79 feet above the ground, 
and consequently may not represent conditions where the plants grow within 
Several degrees. These records, however, are the only ones available. 
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Bureau for the San Antonio station is 4° F. in February, 1899, at 
which time, according to the best information obtainable, pear as 
well as the huisache (Acacia farnesiana) was badly frozen all over 
southern Texas. This is an unusual: temperature and has occurred 
but once since the establishment of the station. The minimum in 
1905, the lowest since these investigations were begun, occurred on 
February 13, when a temperature of 13° F. was reached. Even this 
was considered an unusually cold season. At this time the native 
prickly pear appeared to be near the limit of its perfect endurance. 
A few plants in the open drooped a little, but no permanent injury 
was done, as they straightened up again in a short time. The mini- 
mum Fahrenheit readings recorded for San Antonio for ten consecu- 
tive years, beginning with 1906, are as follows: 24°, 13°, 22°, 19°, 26°, - 
15°, 19°, 4°, 20°, 18°, 27°, and 11°. But even these temperatures are 
of short tnentanel It is seldom that seven days occur during an 
entire winter with an absolute minimum below 22° F. Winters are 
rather frequent when this temperature is not reached. 

Besides a minimum not lower than something like 12° F. a high 
average summer temperature is an advantage in the culture of 
prickly pear. During the ten years ending in 1903 there occurred 
on an average only four days a year with a maximum over 100° F. 
One year of this period had twelve days with a maximum above 100° 
KF. and one year’s maximum did not reach 100° F. The conditions 
in this respect are presented in the following table: ¢ 


TABLE I1.—Marimum, minimum, and mean temperatures at San Antonio, Tex., 
for a period of eighteen and one-half years, 1888 to 1906, inclusive. 


| Maxi- | Mini- J Maxi- | Mini- 

Month. | Mean. | yum. | mum. oe Mean. um. | mum. 

| of, | of, | oF, || oP, oR, | oR, 
Jiamuairye, cca eee ee 52 82 Gil SiUliye ee aoe See eee 83 106 | 64 
Be RRO ay asses wae ee 55 90 4°|| MUSUIStASs ae seer eee 83 103 57 
Miata sae nee eee ae 62 97 215 ||) Septemiberssese ae seeeee 78 100 46 
Aprile: 3 Se 852 ep eee 70 99 30) OCtODer Ase eeee eee ee 70 97 37 
NON AS eee eae etme ae we 75 97 44 || November......-.-.------ 60 90 22 
Funes eee a bsse wees 81 | 103 54: Decemberswsceieee oes ae 55 86 15 


PREPARATION OF CUTTINGS OF PRICKLY PEAR. 


When these investigations were begun certain conventional for- 
mule for planting all species of cacti were more or less in vogue. 
These were found in the practices of horticulturists and in pub- 
lished reports, mainly of French investigators in northern Africa. 
These practices, briefly summarized, related mainly to propaga- 
tion from cuttings. It has been the custom among horticulturists, as 
well as the practice of the growers mentioned above, to > prepare the 


@ See also Bioeebas of fompeuene e on page 1, 
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cuttings some time, commonly two weeks, before planting them. In 
other words, the joints were somewhat wilted before being planted. 
This practice appears to be necessary under greenhouse conditions, 
and growers in northern Africa seem to be quite insistent upon the 
same practice for out-of-door culture. When planted under the 
humid conditions of the greenhouse, cuttings are much more likely 
to decay at the surface of the ground unless some of the moisture is 
evaporated before the cut surface is put in contact with moist earth. 

Prickly pear cuttings do not callous over and produce roots from 
the cambium and buds as do cuttings from ordinary trees and shrubs, 
but the cut surface heals over and roots are put forth from the 
areoles which contain the spines. It is important to bear this in 
mind in the propagation of the prickly pears. From the greenhouse 
standpoint it is necessary that the cut surface be thoroughly dried 
before the cutting is set. 

Some attention was paid to this practice when the first plantings 
were made in the spring of 1905. An attempt was made to prepare 
the cuttings at least forty-eight hours before they were planted, but 
it was not always done. Indeed, a considerable part of the planting 
occurred immediately after the cuttings were prepared. No bad ef- 
fect was observed from the practice followed, although some of the 
cuttings were planted during a very wet season. Since that time no 
attention has been paid to the wilting of the cuttings. 

The practice has been to use one-joint cuttings almost entirely for 
planting, and it is believed that this is the most advantageous, all 
things considered, for commercial practice. The favorite instrument 
for making the cuttings has been a hoe straightened out so that the 
blade is in a straight line with the handle. This is used much as a 
spade might be used for the same purpose. With this instrument the 
whole plant is cut up, as nearly as is convenient, into individual 
joints. Of course it is not always convenient or even possible to 
strike the union between the joints exactly, but this is approximated 
as closely as possible. Sometimes the instrument severs one side or 
the other, but this appears to make little difference, if any. 

When the 6 acres of ground were planted in the spring of 1907, it 
was done with the avowed purpose of performing the work as it was 
considered the practical farmer or dairyman would carry it on. It 
was the intention to get as practical a test as possible. The plants 
after being brought to the field were cut up into single joints mainly 
by the writer, but the hauling and distributing of the cuttings were 
done principally by negro and Mexican labor. The handling was 
done entirely with pitchforks, and the laborers were not cautioned at 
all about being careful not to injure the stock. As a result, practically 
every joint planted upon the entire 6 acres had from one to a half 
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dozen tine holes in it. In spite of this, it is certain that at least 99 
per cent of the cuttings grew. Indeed, the stand on all portions of 
the field was practically perfect. 

The above experience is cited to show that there is nothing im- 
practicable in our method of rough handling of the cuttings, not as 
a justification of such handling. The less injury the cuttings receive 
the better they will grow and the more vigorous plants will they 
make without doubt; but it is by no means imperative that care to 
the sacrifice of speed in handling should be indulged in. The cut- 
tings will withstand quite rough treatment and still make good 
plants, but they should not be unnecessarily bruised or mangled. 

As has been stated, single-joint cuttings have been used as a rule. 
Occasionally when joints were very small two of them have been 
left attached. The whole plant has been used invariably. All the 
joints appear to grow equally well, but large, heavy joints two 
or more ‘years old make much the best plants. Good plants are 
always obtained from old woody stems, often six or seven years old. 
These are also much less likely to be bruised and otherwise injured 
in handling than the younger growth. 

The Mexican people who handle very small quantities commonly 
plant two and a half to three joint cuttings. Their object is to get 
fruit as early as possible. In the cultivation of their large tame 
forms they are not concerned with the stock-feed side of the question. 
They claim to get a good crop of fruit the third year from such cut- 
tings, while it would take five years to secure the same crop from 
single-joint cuttings. Good crops of fruit have been secured from 
single-joint cuttings of the native Opuntia lindheimeri in three years 
in southern Texas. The large tame forms of Mexico are much larger 
plants, and it may consequently take them longer to come into bear- 
ing. Indeed, none of them grown from single-joint cuttings along- 
side of the Texas forms produced fruit in any quantity the third year. 


METHOD OF PLANTING. 


There are many points connected with the various operations of 
planting, cultivating, and handling of these plants that have not 
been fully demonstrated as yet. The best that can be done in con- 
nection with some of these processes is to give an account of the 
methods which have been used in these experiments. It is expected, 
of course, that these will be improved upon as our experience in 
growing prickly pear becomes more extensive. 

When the cultural work was taken up a 6-foot row was decided 
upon as the most suitable. The distance between the cuttings in the 
row has been varied from 2 to 4 feet. Although plantings have been 


made for the purpose of determining which is the best distance, 
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still it is not possible to make any definite recommendations at the 
present time any more than to say that close planting appears to be 
more productive in a general way than the more distant planting. 
So thoroughly did this appear to be the case in our first experiments 
that the entire 6 acres planted in the spring of 1907 had cuttings 
planted 2 feet apart, from center to center, in 6 or 8 foot rows. 

It is recommended to those who contemplate the cultivation of 
this crop for forage in southern Texas that 6-foot rows be adopted 
and that the cuttings be set 2 feet apart, from center to center, in 
-the row. This will enable one to cultivate one way for two seasons, 
and the crop if harvested at the end of this time can be cultivated 
again for the succeeding two seasons, when the second crop is being 
grown, and so on indefinitely. It will be difficult to get a horse 
through 6-foot rows after the second year. It is quite possible that 
further experience will demonstrate that other distances will be 
more advantageous. It may be that 2 feet apart in the row will 
bring the plants too close together to produce the maximum yield, 
or that the red spider will prove less injurious when the plants are 
grown farther apart. These are questions which will require prac- 
tice to fully demonstrate. At present it appears that 2 by 6 feet 
is the proper distance. 

The stock planted has been secured from native pastures within a 
radius of 2 niles from the experiments. The plants cut off at or 
near the ground have been loaded on wagons with pitchforks. 
Sometimes the larger plants have been cut up somewhat to facilitate 
handling. Wagonloads of stock of this kind have been distributed 
in the field in piles (see Pl. I, fig. 3), which' were subsequently pre- 
pared for planting by cutting the plants into individual joints with a 
hoe straightened upon its handle as described elsewhere. The cut- 
tings were then distributed with a pitchfork to the places where 
they were to grow. Much labor can be saved by a careful distribu- 
tion of the material so that it need not be carried far. 

Several methods of setting the cuttings have been tested. In 
the earlier plantings some were set on edge in furrows or in holes 
opened up with a shovel. This hand labor was very expensive 
and troublesome, and it was soon recognized that it would not do 
for commercial practice. In the last plantings made the cuttings 
were not touched by hand at all. A portion of the 6-acre tract 
planted in 1907 was laid out in rows by running a shallow furrow 
with a small walking plow. The cuttings were laid against the 
furrow, the base reaching nearly to the bottom of the depression 
(Pl. I, fig. 3). Another furrow was then turned in the same di- 
rection, throwing dirt over the bases of these joints, covering ap- 
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proximately one-half of them, sometimes more and sometimes less.“ 
(PL I, fie. 2.) Another portion of the field was simply marked and 
the joints were laid on the surface of the ground at proper distances 
in the rows thus laid out. (PI. I, fig. 4.) 

When the ground is very dry, cloddy, or otherwise poorly pre- 
pared, it will be advantageous to partially cover the cuttings: but 
if the ground is well pulverized and in such condition that mois- 
ture will be brought to the surface by capillarity, just as good 
results will be secured by simply placing the cuttings on their | 
sides in firm contact with the ground. Indeed, in the first plantings 
better plants were secured in this way than when the joints were 
planted on edge. 

There is good reason for this. Attention has been called to the fact 
that roots spring from the areoles or cushions of spines and spicules 
distributed regularly over the surface of the stems (joints). This 
statement is equally true of the new growth. It always springs from 
these areoles, but these spaces are always more numerous around the 
edges of the disk-like cuttings. When the cuttings are laid flat on the 
ground it is but a short time before unequal evaporation from the 
two surfaces causes them to dish shehtly. This will leave the areoles 
in the center of the lower surface in contact with the ground. They 
will form roots in a very short time. From any portion of the 
slightly upturned edge of the joint new growth may take place. In 
the case of joints buried 6 inches or more by the plow, or otherwise, 
the surface for new growth is reduced at least by one-half and the 
base or foundation of the plant is also reduced, or, more properly, is 
much smaller than when. the cutting is laid flat and the whole edge is 
in position to send out new growth. 

It is very fortunate that the plants grow readily in this position, 
for planting in this way greatly reduces the labor involved. Usually 
all that is necessary is to drop the cutting into place from the fork. 
At other times it may be necessary to press it down with the foot or 
a sight pressure of the fork after it is in place. It should be borne 
in mind that the cuttings should be in contact with the ground. If 
they are held away from it an inch or so by clods, or even by the long, 
stout spines found in some of the varieties, the chances of their be- 
coming established are greatly reduced. Indeed, if none of the are- 
oles is in actual contact with moist earth the cuttings will not grow. 


TIME OF YEAR TO PLANT. 


There are indeed few, if any, crops which have such a range of 
adaptability as regards the time at which they may be planted. Be- 
“Care must be taken not to cover the joints, for they will almost invariably 


rot if this is done. 
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ginning with February, 1905, plantings were made between the first 
and tenth of each calendar month, except August, for the next twelve 
months, to determine, if possible, the most favorable season. No 
plantings were made in August because it was excessively dry and 
hot, similar to July, when cuttings failed to grow. All other plant- 
ings grew as well at one season of tlie year as another. All of the 
plantings, except a part of those made in February, were upon uncul- 
tivated ground, the joints being placed in a furrow and partially 
covered, as described elsewhere. This feature is again a decided 
advantage, for it enables the farmer to plant this crop at almost any 
time of the year. In other words, it can be done during a season 
when other farm operations are not pressing. There is little doubt 
that cuttings will grow even in July and August, provided those 
months happen to be sufficiently moist. 


RENEWAL OF PLANTATION. 


Little is known about the length of time during which a plantation 
will grow when repeatedly harvested in a systematic manner. No 
reliable data are available. The nearest approach is in the case of 
the planting made by Mr. D. M. Poor (PI. II, fig. 3). This planta- 
tion, consisting of two-thirds of an acre, was established by Mr. Poor 
about 1885. He laid off the ground in rows 2 feet apart, with an 
ordinary two-horse plow, in land which had been cleared of brush 
but never broken. Native pear was chopped up into one or two 
joint cuttings, distributed in the furrows, and subsequently partly 
covered with another furrow. The area has been used more or less 
for twenty years, but it has never been cultivated. It has never been 
harvested closely and certainly never systematically. 

A plantation well established and cultivated is good for an indefi- 
nite period, say fifteen or twenty years. Should plants in various 
portions of the field die for some reason, it is a very simple matter to 
establish new ones when the crop is on the ground. All that is neces- 
sary is to cut off a joint and put it in the proper place flat on the 


ground. 
CULTIVATION. 


Upon the subject of cultivation little need be said. The ground to 
receive the cuttings should be well and deeply prepared, and subse- 
quent cultivation should probably be shallow, for the plants are shal- 
low rooted. There are no cultivators known which are exactly suited 
to this crop. In the experimental work described in these pages an 
ordinary one-horse spike-tooth cultivator has been employed. The 
objection to this implement is that the framework is too large, inter- 
fering with the projecting branches of the plant, and also it is not 
easily regulated as to depth. Some tool of the nature of a one-horse 
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sweep which could be regulated so as not to go into the ground much 
more than 2 inches would be more serviceable. In the experimental 
plantation it has been the endeavor to cultivate just enough to 
keep down the weeds and prevent the ground from baking. To keep 
down the weeds thoroughly it has been necessary to go through the 
plantation occasionally with a hoe, knocking down such stray weeds 
as the cultivator did not reach. 


TIME OF HARVESTING. 


It is not the purpose of this paper to attempt to say how often it 
will be most profitable to harvest crops of prickly pear from estab- 
lished cultivated plantations. Experience in this matter, as in many 
All that will be attempted at the present 
time is to state what can be done with one definite plan of cropping. 


a 


others, has been too brief 


Prickly pear has been considered a slow-growing plant. and in- 
deed it is a slow grower under natural conditions, where it is obliged 
to compete with hardy grasses and other vegetation. In a previous 
publication * the opinion has been expressed that it will take five 
years to produce a crop on uncultivated lands in the vicinity of Eagle 
Pass, Tex., while in the same publication estimates made by ranch- 
ers give the period as from two to three years. There appears to be 
no reason at present for changing the first estimate for uncultivated 
lands, while it has been demonstrated that a crop can be profitably 
harvested in two years in cultivated plantations. Whether a_pro- 
portionately greater vield can be secured by allowing the plants to 
grow three or four years has not been determined, but a paying crop 
can be secured at the end of the second year, and probably can be 
utilized at the end of eighteen months to good advantage if plantings 
are made in February or March. The first harvesting done upon the 
experimental tract was two vears after planting. As shown in an- 
other place, there was at that time more than sufficient roughage 
upon an acre to feed two cows for one vear. 

But little fruit will be produced the first two years, but quite a 
large crop will usually be secured the third vear. 


METHOD OF HARVESTING. 


The different methods of preparing prickly pear for the use of 
stock have been sufficiently discussed in other publications? and 
need not be repeated here. 

In the singeing process economy depends largely upon the dispo- 
sition of the plants. In the case of natural growth much time is 


“Bulletin No. 74, Bureau of Plant Industry, * The Prickly Pear and Other 
Cacti as Food for Stock,’ 1905. 
’ specially in Bulletin No. 74 of the Bureau of Plant Industry, pp. 12-20. 
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consumed in walking from one plant to another, because the plants 
are usually scattered over the field. Systematic planting economizes 
both time and fuel. 

In the harvesting which has been done thus far upon the experi- 
mental plantations the torch has been used on standing plants, and 
cattle have then been turned on to graze them (PI. IT, figs. 1 and 2). 
Others have been cut down and hauled out of the field. This work 
was done in the spring of 1907. In the autumn of the same season 
little, if any, difference could be noticed between the growth made by 
the plants harvested by the two methods. Those plants grazed by 
the cattle, however, were left in a very ragged condition and conse- 
quently did not present so good an appearance. So far as growth is 
concerned, however, it must be admitted that grazed pear was nearly, 
if not quite, as good as that which was cut down and hauled off. 

There are several methods of harvesting open to the grower, two 
of which have been mentioned here. Besides these methods the 
plants may be cut down before singeing, and, if desired, two rows 
may be cut into one center. The plants as they lie on the ground 
may then be singed. Again the plants may be singed as they stand in 
the row and then cut down, the cattle being allowed to graze them 
where they fall. It is quite possible that the best method is the last 
mentioned, 

The singeing is done by pointing the blast flame downward in the 
center of the plant, because in this way the maximum surface is 
covered at one time by the flame. Afterwards the outer joints will 
be touched by the blast. These processes can easily be regulated so 
as to interfere but very little with the stump which is to be left stand- 
ing. After the singeing the plants can be cut down and grazed where 
they fall. This will avoid leaving the stems partially chewed and 
macerated, in which condition they are more hkely to decay and 
result in injury to subsequent growth. Of course the plants can be cut 
down before singeing, but the burning can not be done so advanta- 
geously after the plants are felled. When standing, both sides of the 
joints, which are in a more or less upright position, can be easily 
reached with the flame. while when felled the lower side in contact 
with the ground can not be so easily singed. The two most impor- 
tant requirements are economy of time and fuel and protection of the 
stumps which are to produce future growth. These requirements 
should be borne in mind constantly. Any process which economizes 
time and fuel and does not injure the stem is the one to use. It 
seems to the writer that singeing and then cutting the plants down to 
be grazed where they fall accomplishes this result best. 

In some instances in the experimental investigations the harvesting 
has been close, leaving nothing of the old plant but the original cut- 
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ting. In other cases the harvesting has been done so as to leave all 
the joints directly attached to the original cutting. The latter plan 
leaves a stump of two to four joints. If the plant was established 
from a cutting laid on the surface of the ground, a large base and a 
good surface for future growth to spring from will be secured. 
There is no doubt that a large stump of this kind is an advantage; 
neither is there much doubt that these old stumps will produce a much 
heavier yield for the second biennial crop than is produced from the 
freshly established cuttings for the first crop. A considerably 
heavier growth was secured during the season of 1907 from plants 
having a stump of three or four joints from which to develop. 


VARIETIES TO PLANT. 


In the southern Texas region there are several native varieties of 
prickly pear, but in each locality there is usually one variety which 
predominates. The very fact that it does predominate is fairly 
good proof of its superior value for that locality. 

In the vicinity of San Antonio the predominating variety is the 
typical form of Opuntia lindheimeri Englm., and this is the one 
which is considered the best of all the forms for cultivation in this 
immediate locality. Before any plantings were made upon the ex- 
perimental tract a careful examination was made of the varieties in 
the neighborhood, and this one selected is the most promising. Subse- 
quent results—for other varieties were also planted for comparison— 
confirmed the first judgment. There is no question that this is the 
most valuable of all the forms and species used. It has prominent 
and formidable spines, which turn white toward the end of the first 
season’s growth, and abundant light golden spicules.* Another 
native variety with a trifle darker color, less formidable spines, and 
brown spicules has also made nearly as good growth and a much 
heavier crop of fruit. This may prove valuable. From 150 to 200 
varieties have been planted. On the whole, none is to be recom- 
mended above the spiny native just mentioned. Some of the vari- 
eties planted, however, have characters which are decidedly ad- 
vantageous. 

One cultivated spiny form secured farther south is very promising 
for breeding purposes. It has withstood the climate the first two 
winters very well, but should another winter like 1904-5 occur it is 
certain to suffer badly, for it was cut back very severely then in the 
locality where secured. The spines on this one are not as formidable 
as on the native form that is being grown, and the spicules are almost 


7See Bulletin No. 91, Bureau of Animal Industry, 1906, pp. 9-11, for further 
notes on this species. 
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entirely absent on the joints. This variety has made a growth at the 
rate of not less than 55 tons to.the acre per annum during the past 
two years. 

The prospective planter should study the plants in his locality 
carefully before planting. He should select that form which makes 
the largest and most rapid, clean growth, and from that variety he 
should choose the most healthy plants. Selection should be made 
first for vigor and second with reference to the habit of the, plant. 
In southern Texas those forms growing most erect are to be pre- 
ferred. In no case should a low, prostrate, or sprangling form be 
used. As compact a growth as possible is desirable on account of the 
ereater ease with which such forms are singed and cultivated. An 
open-branching, low habit of growth renders the operation of culti- 
vation very difficult on account of the interference of the branches 
with the animals and the machinery used in cultivation. 


COST OF PLANTING. 


During the spring of 1907 a careful record was kept of the cost 
of planting 6 acres of prickly pear upon the experimental plots. 
Owing to the requirements of the farm, men could not be employed 
regularly for fwll days on the planting and preparation of the 
ground, but so far as the value of the record goes it is considered that 
nothing is lost, for the time has been kept in hours for man and team. 

The ground selected had never been plowed. It was in native 
grass, closely pastured for several years, and had been grubbed 
nearly clean of mesquite and other brush years ago. The greater 
part of the plowing and harrowing was done at odd times between 
the 1st of January and the 1st of March. The season being very 
dry considerable difficulty was experienced in getting the soil well 
pulverized, and even the plowing was done with much difficulty. 

The stock used for planting was secured from various local sources, 
ranging from close by to 2 miles distant. The greater part of the 
stock, although it was practically all of the same variety, was hauled 
from a neighboring ranch 2 miles away. Some was cut from a 
pasture about half a mile distant, and about four loads from a 
smaller experimental tract planted two years ago contiguous to the 
present field. 

The time employed in the various planting operations, exclusive of 
the preparation of the ground (plowing and harrowing), was as 
follows: 


Hours. 
One man and team hauling stock (6 acres) __----------~- Aude oe fet SE ee a? 8p 
One man and team marking (6 acres) and covering (3 acres) ~~ ------ ee Sean f: 
One man distributing cuttings (6 acres) __--_-~ Toros ae D4 


The laborers used in hauling were negroes and Mexicans, and the 
time was not employed to good advantage. It will be seen from the 
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above statement that the heaviest item of expense was for hauling 
the stock for planting, which ought to have been done, even under 
the disadvantages of distance, much cheaper. 

Assuming the value of a man and a team at $3 and a man at $1 a 
day of ten hours, the cost of planting an acre after the ground is 
prepared is a little less than $6. If it is assumed that the value of 
the preparation for planting is $3 an acre, then it costs about $9 an 
acre to get the cuttings planted. With good labor advantageously 
employed this expense could doubtless be reduced to $6 or $7 an 
acre, but even at $9 the operation is not expensive when it is consid- 
-ered that a plantation is probably good for fifteen or twenty years 
and that subsequent planting or establishing plants is a simple matter 
when the material is on the ground and all ata is necessary to estab- 
lish a new plant is to lay a joint in firm contact with the soil. 


SPINELESS COMPARED WITH SPINY SPECIES. 


Much emphasis has been placed of late, especially in popular writ- 
ings, upon the great advantages of spineless prickly pears. The 
spines of these plants leave an unpleasant memory. They are diffi- 
cult to handle, and the novice usually can not conceive how the 
plants can be utilized at all on account of their formidable armament. 
It naturally follows that if spineless forms can be substituted the last 
objection to them has been removed. They could then be handled with 
bare hands, and eaten as they grow by all kinds.of live stock. So 
firmly is the “spineless cactus ” idea established in the public mind 
that much talk has been made about establishing such forms, even on 
the deserts, supplanting the native forms and producing an abun- 
dance of forage for live stock—this to be utilized without the singe- 
ing process to which the native spiny forms must be subjected. 

While such ideas are very interesting and attractive, there are 
many practical considerations which must be taken into account. 
Of course, the experience of the writer is as yet meager, these 
experiments having been carried on only about four years. How- 
ever, observation, together with three or four years’ experimental 
evidence, while not conclusive, points strongly to certain conclusions 
which are not at all favorable to spineless forms for southern Texas, 
for the immediate future at least. 

Thus far no spineless forms have been found which are hardy 
under the conditions existing at San Antonio. The writer has 
secured ten or twelve spineless forms from Mexico, and the Office 
of Seed and Plant Introduction of the Bureau of Plant Industry 
has imported for investigations as many more from Hawaii, south- 
ern Europe, and northern Africa, all of which have been planted 
and well cared for. All that are left of these spineless forms at the 
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present time are such individual plants as have been protected dur- 
ing the winter. There are a few nearly spineless forms here and 
there in southern Texas, but so far as has been observed none of 
them are quite hardy. They live through one or two winters all 
right, but may be frozen down badly the third winter. The nearest 
approach to hardiness that has been seen is in the city of Laredo, : 
Tex. There are here a few plants (nearly spineless) which often 
pass the winter uninjured, but they were frozen to such an extent in 
February, 1904, that not less than one-half of the joints broke off. 
Even these are not hardy upon the plantation at San Antonio and 
probably would suffer nearly every winter at Laredo were the plants 
there not protected by surrounding buildings. 

Lack of hardiness renders the spineless forms of no economic 
value at the present time in southern Texas. If they can not with- 
stand the winter temperature it is of course useless to plant them. 
But while this is true it is not at all improbable that these smooth 
forms may in time become very important and possibly entirely 
supplant in culture those forms which are now being grown. The 
bringing about of such a condition is, however, a long and tedious 
process which will involve vears of breeding in which the farmer 
can usually take little or no part. Work along this line is now being 
conducted for the benefit and use of the future, but present results 
must be secured from spiny natives. Of course, in experimental 
work sight is not lost of the fact that economic conditions may 
change in the future so that it will be advisable to have spineless 
forms, but the whole question is one of production. If spineless 
forms which are hardy and which will produce more feed than 
spiny species which are now being grown can be evolved they will 
be valuable in proportion to the excess of feed which they will pro- 
duce. This is as yet a purely experimental field, but the spiny native 
varieties have been proved to be valuable. 

Aside from lack of hardiness, the spineless prickly pears have 
other disadvantages. Wherever grown they have to be fenced. It 
will be obviously impossible to grow them in .uncultivated pastures, 
even in regions where they are hardy, for they would be grazed too 
closely, if not exterminated in a very short while. Fences are expen- 
sive. Unless the area planted to these forms were very large, which 
it could not be for some time, a rabbit-proof fence would be re- 
quired. This sort of fence has been found necessary in order to 
protect the varietal plantings made by the Bureau of Plant Industry 
at San Antonio. Spineless forms would be severely injured by rab- 
bits, gophers, and rats. The latter often do considerable injury to 
the spiny native plants, but the spineless forms would suffer very 
severely. A planting of about a hundred cuttings of imported varie- 
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ties, not all spineless, was completely -destroved in a fortnight by 
rabbits in southern Arizona two vears ago. When a large acreage 
is planted the danger from these pests will not, of course, be so seri- 
ously felt, but it will be many years before any extended plantings of 
spineless forms can be made. There is not enough stock of spineless 
prickly pears in this country at the present time to plant 5 acres if it 
were all gathered into one place. 

A plantation of spineless prickly pear would not only have to be 
fenced. but stock could not be allowed to enter the field at any time 
of the year, for they would trample over the entire field, knocking 
down plants hither and yon and causing an unwarranted waste. 
All of the crop would have to be harvested, loaded on wagons, and 
hauled to another lot to be fed. Remembering that 100 pounds a 
day will be eaten by an average cow, it will be seen that this 
procedure will mean considerable expense. In a 100-cow dairy 
it will mean the moving of 5 tons of material for feed each day, 
besides the removal of the manure. On the other hand, the spiny 
forms, singed and fed where they stand, obviate this expensive han- 
dling and cause the manure for 100 cows to be distributed each day 
on about one-fifteenth of an acre—by no means a small item in main- 
taining fertility. With spiny forms the number of plants fed or 
grazed each day is absolutely within the control of the rancher, even 
though stock is allowed in the field all of the time. ; 

So far as southern Texas is concerned the advantages of the spine- 
less and spiny prickly pears concerning which we have any knowl- 
edge may be summed up as follows: 


Advantages of spiny native forms. Advantages of spineless forms. 


1. They are hardy. 1. They do not require singeing. 

2. They do not require fencing. 

3. They are injured but little by wild 
animals. 

4. They require a minimum of lhan- 
dling. 

5. They accomplish the distribution 
of the manure during the day. 


QUANTITY OF FEED PRODUCED BY PRICKLY PEARS. 


Our knowledge of the yield of prickly pear, either under natural 
or cultivated conditions, is as yet quite imperfect, and the state- 
ments made herein with reference to yields are made with such 
reservation as is consistent with the meagerness of the evidence. 
However, it is believed that all computations in whatever manner 
made are exceedingly conservative, and underestimate rather than 
overestimate in every case what may be secured from a: cultivated 
crop of prickly pears. 
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The first plantings at San Antonio, and, indeed, the first attempt 
ever made in this country to cultivate this plant as food for stock 
so far as the writer is aware, occurred in February, 1905. A plot 
of ground 416 feet long and 208 feet wide (2 acres) was secured 
under lease the preceding winter. Half of this area was plowed 
and put in a good state of cultivation, the other half being left in 
the condition in which it was found, i. e., in native sod, with all 
brush removed. One half of the cultivated portion (one-half acre) 
was reserved for varietal plantings and the other half was planted 
to three or four varieties of native species, the typical Opuntia lind- 
heimeri predominating over all others. The whole area was laid off 
into 6-foot rows, numbered 1 to 69, and all plantings have been 
made on this plan, variation being made in the distance apart of the 
plantings in the row only. 

Early in March, 1907, when the plantation was 2 years old, the 
first harvesting was made. No weights were obtained except on a 
small scale—too small, in fact, to make a reliable record, and conse- 
quently need not be reported upon here. In one instance 75 head of 
stock were turned in to graze off two rows which had been singed. As 
nearly as could be estimated this number of cows got from this small 
area a full day’s ration of roughage. There were some young cows 
among them, and some which did not eat pear as freely as they should, 
but nevertheless they had been fed prickly pear regularly all the win- 
ter and were still receiving it daily. Accepting the above as the 
measure of the biennial production of forage of this plant under cul- 
tivation, it will readily be appreciated that at this rate 2 acres of this 
crop would, roughly, supply roughage for 75 cows for one month, 
and 25 acres would, roughly, supply their needs for one year, but as it 
took two years to grow this crop, on this basis it would require only 50 
acres to furnish rough feed for 75 cows continuously. It is recognized 
that this is a very crude and imperfect estimate of production, but it 
is, nevertheless, instructive when taken in connection with what the 
eye can see of the 2-year-old crop shown in Plate IT, figure 4. In or- 
der to put the matter very conservatively, suppose this area was in- 
creased 50 per cent; this would mean that 75 acres would furnish 75 
cows with continuous roughage. This is still a production equaled 
by that of few areas in the country. ‘This quantity was produced 
during one very favorable and one very unfavorable season and 
probably represents about the average crop. 

More definite data upon production were secured early in October, 
1907, when the plantation was 31 months old. At this time two rows 
were selected near the east side of the native plantings on cultivated 
‘ground because they were thought to be typical of the half acre of 
the cultivated native Opuntia lindheimeri. These rows were har- 
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vested down to the original cutting and weighed. These two rows, 
numbered 20 and 21 in the records, yielded 8,518 pounds. Rows 35 
and 36 were then harvested, and weighed in the same manner. Row 
36 was considered the poorest in the area. This was in part due to 
its being in close proximity to uncultivated ground and in lesser part 
to the ravages of the red spider. These rows were taken in order to 
be certain not to overestimate the production. These two rows 
yielded 7,269 pounds. On the four rows, therefore, there were pro- 
duced 15,787 pounds. The area occupied by them measures three 
twenty-sixths of an acre. The yield to the acre, consequently, was 
136,820 pounds, or 682 tons. On account of the time of the year at 
which the measurements were made it is rather difficult to reduce 
this thirty-one months’ growth into yearly terms, but if it is assumed 
that three years’ growth was secured an average yearly production of 
224 tons of green, succulent forage is shown. 

This estimate of the average growth per annum of 224 tons is cer- 
tainly conservative. It is evident that the growing season is not 
closed the 1st of October, but, on the other hand, that a very decided 
increase will occur between that time and February. Again, the 
measurements were made at the close of a long dry season. It is quite 
certain that the growth for the remaining five months, together with 
the water absorption of the humid winter season, would be expressed 
by tons to the acre. Besides this growth of plant body, there was 
produced during the third growing season between 4 and 5 tons of 
fruit to the acre. .This fruit’ is greatly relished by horses, cattle, 
sheep, and swine, and is harvested by them without assistance and 
without injury to the plants. 

In feeding dairy cattle¢ at San Antonio it was found that a com- 
plete roughage ration of prickly pear consisted of about 140 pounds 
for each cow daily. In feeding steers for market at Encinal, Tex., an 
average of about 75 pounds was eaten daily by each steer. These 
figures would indicate that 100 pounds is about what the average ani- 
mal will eat in a day. But the yields previously stated show that 
sufficient roughage is grown here on an acre for about one and one- 
fourth animals. 

Any way it is figured, roughage of prickly pear for one mature 
bovine animal on an acre seems to be a very conservative estimate. 


CULTIVATION AND NONCULTIVATION. 


At the same time that estimates were made of the rate of growth 
on cultivated ground rows 37 and 38 were harvested. These were 
grown without cultivation. As stated elsewhere, a furrow was opened 


“Bulletin No. 91, Bureau of Animal Industry, 1906. 
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in the native sod, the joints laid against the land side, and the dirt 
pulled back over their bases. The growth of pear on these two rows 
in thirty-one months weighed 980 pounds. This is at the rate of 
8.49 tons to the acre. Reducing this to terms of annual growth in the 
same manner as was done in the other case, we have 2.83 tons to rep- 
resent the growth per annum upon uncultivated ground; in other 
words, eight times as much forage was produced under cultivation. 
(See Pili; fic. 1.) 

The method of planting insured the rooting of the cuttings prac- 
tically the same upon uncultivated as upon cultivated land. Practi- 
cally every cutting in either situation rooted and grew through the 
period specified. 

It should be noted that the plantation is under fence. The 
prickly pear upon the uncultivated ground, therefore, had to com- 
pete with its full complement of grass growth. It would have 
made a greater gain if the grasses were grazed off, as they commonly 
are in the native pastures of the region. The figures showing the 
relation of the production under the two conditions are conse- 
quently not comparable with what would take place in pasture- 
grown pear. Indeed, the growth in Mr. Sinclair’s pastures just 
outside of our fence was very much greater than that upon our 
uncultivated area. This furnishes a very strong suggestion as to 
the cause of the increase of prickly pear in some sections of south- 
ern Texas since its occupation and settlement. Formerly, when 
grasses were not grazed so closely, they were stronger competitors of 
the prickly pears than they are now and were able to keep it in 
check. Overgrazing, coupled with the prevention of fires, is doubt- 
less responsible for the excessive growth of prickly pear in some 
sections of the region. On the other hand, the rapid increase of 
mesquite and other brush tends to check the growth of the pear, for 
it does not thrive in the shade. 


SOME EFFECTS OF CULTIVATION. 


During the year 1907 the drought from June to October 1 was 
much more pronounced than the average for this section. The 
prickly pear in the pastures surrounding the experimental plantings, 
as a consequence, was suffering considerably by the 1st of October. 
Nearly all of it was somewhat shriveled, and in a few instances the 
color had begun to change, showing the beginning of interference 
with metabolism. Upon the cultivated area, on the contrary, the 
long period with little precipitation had no apparent effect. Al! 
plants were thrifty and vigorous. It is believed that no particular 
injury would have resulted if no rain had occurred for another three 
months. ‘ 
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The effect of cultivation upon the development of spines is natu- 
rally of some interest, and since the writer has often been questioned 
regarding the comparative spininess of cultivated and uncultivated 
plants, a few remarks upon the subject are made, with, however, no 
attempt at any generalization. In the case of the typical form of 
Opuntia lindheimeri, which is being grown in the experiments, there 
is a decided increase in spininess under cultivation. Indeed, the en- 
tire plant looks somewhat different when cultivated; that is, a plant 
under favorable conditions is just as different from a plant growing 
under unfavorable conditions in this species as in the common culti- 
vated crops. A comparison of Plate II, figure 3, with Plate IT, figure 
4, will tell better than words what the differences are. The first 
is a view of the Poor plantation, which, although planted originally, 
is in a practically native condition, for it was never cultivated. It 
will be readily seen that the spines are fewer by several fold upon the 
uncultivated plants. No quantitative measurements have ever been 
made, and consequently only general statements are possible at this 


time. 
USES OF THE CROP. 


A more or less complete discussion of the uses to which prickly 
pear is put will be found in Bulletin No. 74 of this series, and a 
further discussion of the value of the crop is contained in Bulletin 
No. 91 of the Bureau of Animal Industry of this Department. 

The crop appears especially adapted to dairy purposes because of 
the comparative ease with which the ration can, be balanced by the 
addition of concentrates. which are used with all roughage jn this 
region. The succulence appears to be a decided advantage, and of 
course can be obtained at any time of the year if the plants are 
erazed where standing or are harvested as fed. The importance of 
this can not be overestimated, for it applies to all seasons of the year, 
and oftentimes green feed for dairy cattle is as difficult to secure in 
the summer as in the winter. There is an impression in some sections 
that this feed can not be used after the new growth starts in the 
spring, but this is entirely disproved by the practices of several 
ranchers who have used it at all seasons of the year with good re- 
sults. Of course there is a period during which the young growth 
will not be eaten on account of its being distasteful to animals,* and 
this growth will therefore be wasted at that time, but there is no 
season of the year when pear will not be readily eaten, especially 
if other feeds are short or dry. 

It is very probable that the crop can also be used successfully for 
the production of baby beef, as has been suggested by Mr. Sinclair, 


«See Bulletin No. 91, Bureau of Animal Industry, 1906, p. 17. 
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who has fed pear with as great success as anyone in southern Texas. 
This region has been a favorite breeding ground for many years, anc 
much beef is constantly prepared for market, a large part of which is 
accomplished by the use of prickly pear at some stage of its growth. 
The great drawback in any beef production—especially in the pro- 
duction of baby beef—is a lack of continuity of feed. An abundance 
of pasture is to be had in some seasons, but in other seasons it is too 
short for the maintenance of a steady rapid growth. A roughage 
like this, therefore, which can be utilized at any season and is a sure 
crop, fills a gap not filled by any other. 

Prickly pear roughage is relished by nearly all kinds of live stock. 
No ease is known of horses being fed on it, but other classes of stock 
eat it readily. Cattle, sheep, goats, and swine relish it, and even 
chickens utilize it when it is chopped for them. Hogs will eat even 
stumps and heavy joints that cattle leave. 

In short, it can be said that prickly pear is of vastly more impor- 
tance in southern Texas than is ordinarily appreciated. A crop 
which will produce twenty-odd tons of roughage to the acre per an- 
num with a degree of certainty not attained by any other, and this 
readily eaten by all classes of live stock, is not to be disregarded as 
an important farm crop even if it has been looked upon as some- 
thing of a nuisance in the past. 


PRICKLY PEAR COMPARED WITH SORGHUM. 


Upon another page it has been shown that 224 tons of prickly pear 
‘an. be grown each year upon the gravelly-black-waxy soils of the 
San Antonio region of Texas. The main hay crop upon the ranch 
where the experiments are conducted has always been sorghum, and 
since the experiments were started this has been placed in a silo. In 
the season of 1906 about 1 ton of silage was secured to the acre, and 
in 1907 about 24 tons. These are estimates made in the silo. 

In feeding tests upon the ranch in 1905 it was found that 6 pounds 
of prickly pear produced the same results in feeding dairy cattle as 
1 pound of dry sorghum hay.* If 1 ton of hay is assumed to be 
equivalent in feeding value to 3 tons of silage, then the hay produc- 
tion from sorghum has been on an average for the past two years 
only seven-twelfths of a ton to the acre per annum. ‘This seven- 
twelfths of a ton of hay, assuming the relative value of sorghum hay 
to prickly pear to be as 6 to 1, is equivalent to only 34 tons of pear. 
In other words, prickly pear has produced more than six times as 
much roughage during the past two years as sorghum. Of course, 
the yield of sorghum mentioned here is abnormally small, but sea- 
sons occur every now and then in this region when crops are short, 


«See Bulletin No. 91, Bureau of Animal Industry, 1906, p. 4. 
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and while they may be assumed to be at the lowest point of produc- 
tion during these two years it is against these years of shortage that 
it is necessary to provide. 


ENEMIES OF THE PRICKLY PEAR. 


There are many fungus and insect enemies of the prickly pear, 
but only one insect and one fungus need be considered in this place 
because the others have not thus far given cause for any appre- 
hension. 

The black-spot fungus (Perisporium wrightii) is first found as a 
soft, brownish area, usually more or less circular,on any portion of 
the joint. This soon becomes black and rotten,and later dries up when 
the ascogenous bodies appear upon the epidermis. Often there may 
be a dozen of these spots on a single joint, and these are approxt- 
mately one-half to 1 inch in diameter: usually and extend clear 
through the joint. When but one or two occur the joint may re- 
cover, the tissue healing up around the diseased portion, when the 
dried diseased tissue falls out, leaving a notch or a clear circular 
opening through the joint. When the diseased spots are numerous, 
the plants are very much impoverished and the joints often drop off, 
the healing in this case occurring at the union between them. 

Fortunately this disease appears less prevalent upon plants under 
cultivation. In February, 1905, when the first plantings were made, 
one row, 208 feet long, was planted to very badly diseased pear in 
order to study the behavior of the disease. There are at present 
some diseased plants upon this row, and many of the cuttings failed 
to grow, but the vast majority of the plants have overcome the dis- 
ease quite perfectly. It 1s much more common on some varieties 
than on others, and the badly diseased material which was planted 
was discovered later to be of a different variety from that which it is 
recommended should be planted in the vicinity San Antonio. The 
typical form of Opuntia Jindheimeri which is recommended is much 
less subject to this disease than some of the other native forms. It 
is a common disease in many species of prickly pear throughout the 
pear region from Texas to the city of Mexico. 

The only practical remedy is to feed the diseased plants and propa- 
gate from healthy stock only. At the present time it looks as though 
this method of handling would reduce the injury to a minimum. 
The cultivated area referred to, except where diseased pear was 
planted, is quite free from disease now. The stock was carefully 
selected, however, and there appears to be no disease on either the 
cultivated or uncultivated areas. 

The red spider (V'etranychus opuntiae), on the contrary, 1s more 
serious upon cultivated than upon uncultivated land. These minute 
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animals work around the areoles of spines and spicules first and 
gradually cover the entire surface of the joint. After they have 
worked on the pear, a yellowish or brownish dead callus forms over 
the entire surface. This cracks in places and there is often a consid- 
erable exudation of mucilage, which, although white at first, finally 
turns black. The plants are very much disfigured by this mite, 
but it can not be stated at present just how much real injury is done, 
for no plants have been observed which have been killed -by it. 

It may be difficult for the uninitiated to recognize what the trouble 
with the plants really is, but after seeing it or having it pointed out 
it can not be overlooked, for the diseased condition is very character- 
istic. It is not so easy to find the mites, however, because they are 
very small and at times nearly, if not quite, abserft. 

Just what their habits are during the season has not been worked 
out. It is certain that they were abundant in March, 1907, and less 
abundant in the autumn of the same year. 

The Mexicans are very familiar with this diseased condition, but 
so far as known have not interpreted the cause. . Attention has been 
‘alled to it several times by Mexican ranchers, who deplored its 
presence and expressed the opinion that it might in time entirely 
destroy such forms as nopal amarillo, naranchado, chaveno, and 
certain forms of joconoxtle. While these fears express extreme 
views, there is no doubt that the red spider is a pest to be reckoned 
with. However, in Mexico, as in the United States, the greatest 
injury is done when plants are close together or growing intermin- 
gled with other shrubbery. This crowding together of the plants 
is probably the cause of the large numbers a mites which developed 
in our cultivated experimental area. 

<xperience is altogether too limited yet to permit much, if any- 
thing, to be said with any certainty about this injurious insect. 
A few observations, however, may be of interest. These, concisely 
tabulated, are as follows: 

(1) The disease occasioned by the red spider has long been known, 
but its cause has only recently been determined. 

(2) It has never been alarmingly abundant upon the uncultivated 
pear in southern Texas. 

(3) At the end of the second year a few red spiders appeared i 
our plantation. 

(4) During the third season these mites multiplied rapidly and did 
considerable injury to the older plantings. 

(5) All plants harvested in any manner whatsoever in the spring 
of 1907 were uninjured by the red spider during the season, although 
some of them were badly infested when harvested. 
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(6) No red spiders were found during the season on plantings 
made in the spring of 1907. 

(7) The red spider has been abundant upon thick plantings only, 
and no injury has been done any of the plants except the natives 
thus far. 

(8) Red spiders are injurious only part of the year. In 1907 they 
were abundant in March. 

(9) Heavy rain washes the red spiders off and they do not appear 
to regain possession for some time, but just how long has not been 
determined. 

(10) Prickly pear having red spiders on it is eaten as readily by 
live stock as that which is not affected. 

The above observations indicate that the red spider can be kept in 
check by feeding such areas as are affected as they appear. The fact 
that the crowding together of the plants seems to increase the spread 
of the red spiders and the injury done may influence the method of 
planting. 

Another malady which is of very common occurrence can probably 
be discussed here as well as elsewhere, because it is commonly looked 
upon as a disease. This occurs some time in the spring of every 
year at San Antonio. It is a condition in which the new joints of the 
plant drop off when about half grown. The recovery from its effects 
is very rapid, but of course the growth which drops off is lost. 

To illustrate the extent of this malady, a single case in which a 
quantitative estimate was made can be mentioned. About the mid- 
dle of May, 1905.a large plant harvested during the winter of 1903-4 
had just recovered from the effects of this malady. It had made a 
splendid growth the previous season and had started vigorously 
again when the joints began to drop off. At the time referred to 
most of the fallen joints were completely dried. Fifty-two of them 
were lying at the base of the plant, while eleven more were par- 
tially injured. In spite of this, the plant had completely recovered 
and was then supporting, besides the eleven somewhat injured joints 
still clinging to it, fifty-eight perfectly sound and normal ones. 
What proportion of the latter started after the falling of the first 
crop of joints can not be stated, but probably nearly all of them. 
This was a large, vigorous plant (second growth) from an old stump 
harvested several times, and probably represents an extreme case, but 
it is not uncommon for one-half to, two-thirds of the first crop of 
joints to be lost in this way at San Antonio. 

The exact cause of this particular phenomenon has not been 
demonstrated, but it appears to be due to neither fungous nor insect 
enemy, but, on the contrary, to be purely climatic. Observations 
seem to indicate that the falling of the joints takes place some time 
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after a cold and usually a moist spell of weather which occurs when 
the joints are about half grown and while they are thin and leathery, 
before they have begun to swell out into the normal shape of the 
mature joint. 

In 1907 this malady was at its height about April 27. At this time 
nearly all the season’s growth on many species was destroyed, and 
in some none remained. In others about half fell off, while a very 
few varieties were uninjured. The native Opuntia lindheimeri was 
not much affected; possibly one-eighth of its joints. were injured, 
but not more than this. All varieties recovered speedily, putting 
out new joints in a short time. No injury was done to the previqus 
year’s growth. 

While often a large part of the growth of a month or so in the 
spring is lost in this way, no apprehension is felt regarding the 
matter in respect to the yield. In fact, the yields which are re- 
ported elsewhere in this paper have been produced each year in spite 


of this malady. 
SUMMARY. 


These experiments in planting prickly pear as a farm crop have 
been conducted in a region having a rainfall varying from 15, 
inches to 404 inches a year, the average for the past eighteen years 
being 282 inches, but this rainfall is very unevenly distributed. 

The absolute minimum temperature for the locality is 4° F., but 
this is exceptionally low, having occurred but once in eighteen years. 
During the ten years ended in 1903 there was only one year which 
had seven days with a minimum below 22° F., two years had none 
lower than 22° F., while the others had from one to six days during 
the year with a minimum temperature lower than 22° F. 

The plants are most advantageously grown from single-joint cut- 
tings, which are easily prepared by cutting up all of a full-grown 
plant into single joints with a spud or spade. 

Plants should be established about 2 feet apart in 6-foot rows. 

When the ground is moist and well prepared, cuttings can be 
distributed on the surface of the ground. When these conditions 
are not met the cuttings should be placed in a furrow and _ par- 
tially covered with another furrow. With care a sulky cultivator 
can be used for covering the joints. 

Planting may be done at any time of the year except during the 
hottest and driest part of summer. 

Cultivation should be shallow and sufficiently frequent to keep 
down weeds and prevent excessive baking of the soil. 

Plants set in February can be harvested at any time of the year 
after twenty to twenty-four months. 
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It is believed that it will be found advantageous in harvesting to 
singe the standing plants and then cut them down to be grazed. 
However, good results have been obtained without cutting. It is 
possible to singe after cutting, but it is a little more difficult and will 
probably be attended with more waste. 

It will be advantageous in harvesting to leave a stump of two to 
four joints rather than to harvest too closely. 

Those forms which are most vigorous and most free from disease 
should be selected for stock to plant. In the vicinity of San Antonio 
this is the typical form of Opuntia lindheimeri. 

The experimental plantation cost nearly $9 an acre, including all 
expenses, beginning with the breaking of the raw prairie and ending 
with the cuttings properly placed. With good labor and proper 
management this expense, it is believed, could be reduced to $6 or $7 
an acre. Even $9 per acre is low for a plantation that does not re- 
quire renewing for fifteen or twenty years. 

The spineless forms thus far grown (about twenty varieties) are 
practically useless under present conditions in Texas except for breed- 
ing purposes. 

A conservative estimate of the annual production of prickly pear 
under cultivation is 224 tons, or enough roughage for one bovine 
animal for a year from each acre of ground. This is to be harvested 
biennially. 

Cattle, sheep, goats, swine, and even chickens will eat the crop 
readily at any time of the year. 

Eight times as much growth of prickly pear has been secured 
under cultivation as was obtained without cultivation in ungrazed 
pastures. 
~ More than six times as much roughage (actual feeding value) has 
been secured during the past two years from prickly pear as from 
sorghum. | 

One fungous and one insect enemy of prickly pear of some im- 
portance are found, both of which may be controlled either by 
selection of stock or by methods of harvesting, or by both combined. 

The diseased condition known as dropping of joints is believed to 
be purely climatical. This, while costing a month’s growth in the 
spring, is not looked upon with any apprehension. The yields given 
in this paper have been secured in spite of this injury. 
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DESCRIPTION OF PLATES. 


PLATE I.—Prickly pear experiments. Fig. 1.—Cultivated and uneultivated 
prickly pear, showing relative growths. The first two rows cultivated and 
the first two rows uncultivated were planted in the same way and at the 
same time. The vegetation in the uncultivated area consists of native 
grasses and the broom weed (Ampheacharis dracunculoides). Fig. 2.— 
Covering the cuttings with a plow. Covered in this way they usually stand 
at an angle of about 45 degrees. Fig. 3.—Cuttings distributed in the furrow 
ready to be covered. When covered with a plow they stand at about the 
angle shown, but if a sulky cultivator is used to cover them they can be 
arranged nearly upright. In the distance will be seen piles of cuttings 
ready to be distributed. Fig. 4.—Cuttings distributed on the surface of the 
ground. These are not to be covered, but will grow readily in this position. 
This method of planting is to be recommended when the ground is 
thoroughly prepared and sufficiently moist. 

PLATE I1.—Prickly pear experiments. Fig. 1.—Cattle grazing singed prickly 
peat on the experimental plantation, March, 1907. Fig. 2.—Singeing 2-year- 
old pear upon the experimental plantation in March, 1907. Fig. 3—Unceul- 
tivated plantation 20 years old upon the Poor ranch, at San Antonio, Tex. 
This plantation has been repeatedly harvested but never cultivated. Fig. 
4,—Cultivated prickly pear 2 years old upon the experimental plantation. 
Compare the appearance of the plants with the same variety shown in 


figure 3. 
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PRICKLY PEAR EXPERIMENTS. 


Fic. 1.—CULTIVATED AND UNCULTIVATED PRICKLY PEAR. FIG. 2.-COVERING CUTTINGS 
WITH A PLow. Fic. 3.—CUTTINGS DISTRIBUTED IN FURROW READY TO BE COVERED. 
Fic. 4.—CuTTINGS DISTRIBUTED ON THE SURFACE OF THE GROUND, NOT TO BE Cov- 
ERED. 
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PRICKLY PEAR EXPERIMENTS. 


Fic. 1.—CATTLE GRAZING SINGED PRICKLY PEAR. FIG. 2.—SINGEING PRICKLY PEAR. 
FiG. 3-—-UNCULTIVATED PLANTATION TWENTY YEARS OLD. Fic. 4.—CULTIVATED 
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LETTER OF TRANSMITTAL. 


U. S. DEPARTMENT oF AGRICULTURE, 
Bureat or Piant INpustry, 
Orricr or THE CHIEF, 
Washington, D. C., January 5, 1908. 

Sir: I have the honor to transmit herewith and to recommend for 
publication as Bulletin No. 125 of the series of this Bureau the ac- 
companying manuscript, entitled “ Dry-Land Olive Culture in 
Northern Africa.” 

The culture of the olive without irrigation in a region where the 
average yearly rainfall is only 9.3 inches is the most highly suc- 
cessful example of dry-farming methods applied to a tree crop of 
which we have any knowledge. It has long passed the experimen- 
tal stage, having been carried on in southern Tunis with the methods 
now in use for at least fifty years and having been developed on a 
vastly more extensive scale in the same region during the early cen- 
turies of the Christian era. 

The description here given of the methods and of the type of tree 
adapted to this system of culture will be of special interest to that 
portion of the southwestern United States where olive culture is pos- 
sible. But it also concerns arid and semiarid regions outside of the 
olive zone where arboriculture, based upon other crops, seems des- 
tined to become an important feature in dry-land agriculture. The 
present paper should stimulate the search for useful trees capable of 
being grown profitably under dry-farming conditions. 

In the course of an expedition to Tunis for the Office of Seed and 
Plant Introduction and Distribution, the primary object of which 
was to obtain promising varieties of dates for trial in the south- 
western United States, Mr. Kearney spent several weeks in the dry- 
land olive-growing districts studying the methods used and the 
conditions under which the culture is there carried on. This was 
done at the suggestion of Mr. W. T. Swingle, of this Bureau, who 
has charge of investigations in dry-land arboriculture. 

The drought-resistant variety of the olive that is grown in Tunis 
has been introduced with a view to establishing dry-land olive culture 
in the United States. Investigations along this line will be carried 
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on in cooperation between the offices of Plant Life History Investiga- 
tions and of Alkali and Drought Resistant Plant Breeding Investi- 
gations. 

Acknowledgment is here made of the valuable assistance rendered 
Mr. Kearney in the course of his investigations by the Tunisian au- 
thorities and by private individuals interested in olive culture. Men- 
tion should be made of the courtesies extended by M. Fidelle, late 
controleur civil at Sfax; M. Minangoin, inspector of agriculture in 
the Direction of Agriculture and Commerce at Tunis; Mr. Leonardi, 
British vice-consul at Sfax; M. Robert, president of the chamber of 
commerce at Susa; and MM. Louis Fidelle and A. Chatel, olive 
growers at Sfax. 

The illustrations which accompany this paper are considered 
essential to a full understanding of the text. 

Respectfully, 
B. T. GALLoway, 
Chief of Bureau. 
Hon. James WILSON, 
Secretary of Agriculture. 
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DRY-LAND OLIVE CULTURE IN NORTHERN 
AFRICA. 


INTRODUCTION. 


A great awakening to the possibilities of dry-land agriculture has 
recently taken place in the western United States. Land is being rap- 
idly taken up and brought under the plow, largely by eastern farmers, 
in regions where the average yearly rainfall does not exceed 18 inches 
and where water is not available for irrigation. The unusually 
heavy rainfall of the past few seasons has allowed many of the new- 
comers to obtain good crops of small grain and forage under these 
conditions: but the recent recruit to “dry farming” must not lose 
sight of the fact that such periods of unusually heavy rainfall are 
sure to be followed sooner or later by periods of drought, when the 
plants ordinarily grown in humid regions will give him but uncer- 
tain results. To insure against disaster he should be on the lookout 
for drought-resisting varieties of the crop plants he is familiar with 
or else for new crop plants adapted to arid conditions. 

No class of plants is more resistant to drought than certain trees 
and shrubs, some of which are extremely useful in countries having 
a climate similar to that of the Great Plains and Great Basin regions 
of the United States. Arboriculture (tree culture) is one of the 
safest and most promising lines along which dry-land agriculture 
ean develop. Experience in various parts of the Old World has 
shown that drought-resisting trees will live and will often produce 
a crop in years when no shallow-rooted annual crop will return the 
seed sown. 

The most highly developed and successful example of dry-land 
arboriculture known to the writer is based on the olive, a tree that 
is peculiarly well fitted for growing under arid conditions. Its 
leaves are protected against excessive loss of water by the thick skin 
or cuticle of the upper surface and by the scurf of scale-like hairs 
with which the under side is covered. Its root system is of such a 
nature as to permit it to grow without irrigation in regions where 
the rainfall is scanty and the ground water is practically out of 
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reach. The roots of the olive run for long distances comparatively 
close to the surface of the soil, and are thus able to take up the 
moisture that penetrates a few inches into the ground after every 
moderate rainfall. The unusual hardiness of this tree is shown by 
the fact that in many localities in northern Africa where it was once 
planted it has persisted for centuries without receiving any attention, 
often running wild and mingling with the native trees and shrubs on 
the driest hillsides. 

Fifteen hundred years ago southern Tunis was covered with thriv- 
ing olive orchards, but these gradually disappeared after the country 
was conquered by the Arabs, so that at the beginning of the last 
century olive culture had almost died out in that region. A good 
beginning has since been made in reestablishing it, and to-day 
the dry-land orchards of southeastern Tunis are the wonder and 
admiration of olive growers the world over. 

A description of this model arboriculture, of the climatic and 
soil conditions under which it is carried on, and of the methods used 
and the results obtained can hardly fail to interest those who are 
concerned in dry-land agriculture. It is true that in the United 
States the olive can be a profitable crop only in the warmer parts 
of the arid and semiarid districts, 1. e., in southern and western 
Texas, in southern Arizona, and in California. But there are other 
drought-resistant trees that are better able to withstand cold and can 
therefore be grown to advantage farther north. Some of these, 
although not yet well known in the United States, are of great im- 
portance in various parts of the world, being grown either for their 
fruit, for forage, or for timber and fuel. In the drier parts of 
Europe and Asia there are varieties of our common orchard trees 
that would probably give better results under dry farming conditions 
than the varieties ordinarily grown in the humid parts of the United 
States or under irrigation in the West. An account of dry-land 
olive culture in Tunis should therefore be useful even outside the 
olive zone, as it will direct attention to the type of tree and the 
methods of culture that are likely to give the best results. 


IMPORTANCE OF DRY-LAND ARBORICULTURE IN ANCIENT 
AFRICA. 


Southern Tunis is to-day an arid, treeless waste, almost a desert, 
covered with a sparse growth of thorny bushes and coarse bunch- 
grasses. There are no streams of considerable size to furnish water 
for irrigation, and the average yearly rainfall is small, ranging from 
8 to 14 inches. In many places a fair crop of wheat or barley can 
be expected only once in three or four years. This region is now 
uninhabited, save by a few thousand Bedouins, who wander from 
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place to place in search of pasturage for their sheep and goats. Ex- 
cept on the coast and at a few points near the mountains along the 
northern and western borders of the district there are no large towns 
and hardly any permanent villages. The desolation is almost every- 
where complete. 

Yet during the third to the seventh century of the Christian era 
this whole dis- 
trict (fig. 1),from 


the seacoast west- Wee 


7S BIZERTA 
ward into what tip" fs S 


Is now eastern 
Algeria, was 
thickly dotted 
with thriving 
villages and 
eoarms. °In‘an 
area not exceed- 
ing 20,000 square 
miles —15,000 
within the bound- 
aries of modern 
Tunis and_ per- 
haps 5,000 in 
Algeria—t here 
were at least a 
dozen cities of 
10,000 to 30,000 
inhabitants. A 
network of splen- 
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did paved roads, <t CULTURE IN ANCIENT TIMES. 

s11¢ as » Ro- MODERN DRY-LAND OLIVE 

such as the Ro say oe 

mans knew so 

well how to Fic. 1.—Map of Tunis.“ showing the probable extent of the 
build, connected dry-land arboricultural region in ancient times and the area 


Are ‘ now occupied by dry-land olive orchards. (After Bourde.) 
these cities with 


each other and with those of the seacoast. While in the height of its 
prosperity, that part of the region belonging to what we now call 


@'The northeastern portion of the lightly shaded area, at least near the 
seacoast, is not typical of the dry-land arboricultural region, the yearly rainfatl 
at Susa averaging 16.6 inches. In the southeastern portion (below Gabes) it 
is unlikely that the dry-land orchards extended as far from the coast as is 
indicated on the map. In the absence of exact data for correction, however, it 
seems best to follow the limits of the region as traced by Bourde (Rapport 
sur les Cultures Iruitiéres, etc., Tunis, 1899). 
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Tunis, of which it formed about one-third, had a population of at 
least 1,500,000, or about the present population of the whole of Tunis. 

The flourishing state of this part of Africa in former times is 
abundantly attested, not only by the statements of Arab writers who 
saw the country before it had completely relapsed into its present 
desolation, but by the ruins that are strewn over it in such numbers 
that one can hardly ride for half a mile without encountering some 
fragment of an ancient building, or cistern, or reservoir. The pub- 
lic buildings of the cities had a degree of architectural merit which 
shows that the ancient inhabitants enjoyed not merely prosperity, 
but wealth and luxury. The inscriptions prove that some of the 
finest of these structures were built not by the government or the 
municipality but by private citizens inspired by local pride, which 
was kept alive by the keen rivalry that existed among the towns of 
Roman Africa. 

We need mention only two examples of the splendid development 
of this country in Roman times. In an area of 100 square miles 
around the ancient city of Suffetula (fig. 1) there have been found 
the remains of 3 cities, 15 towns, and 45 small villages, besides almost 
innumerable scattered farm buildings. Near the seacoast, on the 
site of the ancient city of Thysdrus (fig. 1), stands a great amphi- 
theater which is second in size only to the Colosseum at Rome and is 
estimated to have seated 60,000 people: But the Roman city which 
it adorned has given place to a squalid Arab village huddled under 
the walls of the amphitheater, while around it in every direction 
stretches a bare, uncultivated plain. How can we account for the 
existence of the 60,000 souls that crowded the amphitheater of Thys- 
drus on festival days to view the sports of the arena? How did the 
teeming population of Suffetula support itself and accumulate wealth 
sufficient to build the beautiful marble temples and baths and theaters 
that adorned the city in the early centuries of the Christian era / 

All the evidence goes to show that the climate has not changed 
materially and that the rainfall has not diminished since Roman 
times. We have no reason to believe that the country was formerly 
better watered or that agriculture based upon irrigation could ever 
have reached a high development in that part of Africa. The re- 
mains of innumerable cisterns lined with masonry or conerete—more 
than 400 have been counted in one small district near Sfax alone— 
prove that the inhabitants had to depend for domestic purposes upon 


stored rain water. Some of the larger cities had public cisterns of 
gigantic size. Even near the mountains it was necessary to utilize 
every spring and to build long aqueducts to carry water to the cities 
and towns. There could have been little to spare for agricultural 
purposes, except, perhaps, to irrigate the gardens immediately around 
the towns. 
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The gnarled old olive trees that are found here and there over the 
country (fig. 2), often standing in straight rows just as they were 
planted centuries ago," and the almost innumerable ruins of oil mills 
answer our questions. The remains of more than a thousand oil mills 
are said to exist in the hundred square miles around Suffetula alone. 
They were built of stone and were often of imposing size. In many 
places the stone basins in which the fruit was crushed and the per- 
forated stone pil- 
lars that = sup- 
ported the bar of 
the press are still 
to be seen, 

If we turn to 
the Roman = and 
Arabic historians 
and geographers, 
we find abundant 
evidence that the 
wealth of this 
part of Africa 
was based upon 
dry-land tree cul- 
ture on a_ vast 
scale.” The olive 
was undoubtedly 
the chief source 
of these riches, 


7 


although — other 


Fic, 2.—An olive tree, probably several centuries old, growing 
without irrigation in Algeria. 


more or less drought-resistant trees, such as the pistache, fig, and 
almond, doubtless played an important part. It has been calculated 
that the olive orchards of southern Tunis covered 2,500,000 acres when 
the Arabs conquered the country, about 700 A. D. Ancient Rome, 
which consumed an enormous quantity of olive oil, drew its supply 
largely from this region. Under the Cesars the province of Africa, 
which comprised the same territory as modern Tunis, was taxed 
300.000 gallons yearly for the benefit of the capital. So important 


“QOlive trees several hundred years old are frequently met with in Algeria and 
Tunis. In many places the existing trees are offshoots that have sprung up 
from the roots of older ones, the original trunk having long since disappeared. 

’ This view was first advanced in a convincing form, with an admirable sum- 
ming up of the historical and archeological evidence, by P. Bourde, at one time 
Director of Agriculture in Tunis, in a little pamphlet entitled * Rapport sur les 
Cultures Fruitiéres et en Particulier sur la Culture de Olivier dans le Centre 
de la Tunisie.” (Report on Fruit Culture and Especially Olive Culture in Cen- 
tral Tunis.) Tunis, 1892; 2d edition, 1899. 

© Graham, Alexander. Roman Africa, London, 1902, p. 57. 
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was this article in the ancient commerce of the country that, as the 
local tradition has it, one of the cities near the eastern coast built a 
conduit solely for the purpose of transporting oil to its seaport. 

The Arab invaders, being a pastoral and not an agricultural people, 
are said to have wantonly destroyed the olive orchards in order to 
create pastures for their flocks. More probably the orchards gradu- 
ally died out from neglect, large numbers of the original inhabitants 
of the country having been killed or driven from their farms by the 
invaders, who neither knew nor cared anything about tree culture. 
During the centuries that followed, the country was in too turbulent 
a state to make a restoration of the olive orchards possible. More- 
over, the decline of Rome and the destruction of commerce on the 
Mediterranean put an end to the foreign trade in oil and left Tunis 
without a market for its surplus production. 

However this may be, only mere fragments of this magnificent for- 
est of olives remain to-day in southern Tunis. In the northern part 
of the country, where the rainfall is much greater and the trees can 
exist without the use of special cultural methods to conserve moisture 
in the soil, olive growing has continued without interruption down to 
the present time. 


DRY-LAND OLIVE CULTURE IN MODERN TUNIS. 


At a few points along the coast in central and southern Tunis 
the orchards never disappeared entirely, and within the last century 
a notable effort has been made to reestablish the ancient condition of 
things in the neighborhood of Sfax, a thriving seaport on the eastern 
coast (fig. 1). The work was begun by the inhabitants on their 
own initiative, hesitatingly and inefficiently at first. About 1840 the 
system of planting and of tillage now in use was introduced or 
revived * by one of the more intelligent natives, and from that time 
the progress was rapid. When the French occupied Sfax in 1881 
the orchards already covered 45,000 acres, and up to that time Euro- 
peans had had no part in the work. ; 

During the last twenty years most of the new orchards have been 
created by French capitalists, although native laborers have been 
almost exclusively employed and the cultural methods are essentially 


age is not a recent invention, but was in use by the Romans more than 1,500 
years ago. These practices, or at least the tradition of them, doubtless con- 
tinued to exist in the region through all the centuries of the Arab domination, 
to be brought once more into general use during the past century. 
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tween 1892 and 1904 French stock companies and individual colonists 
purchased from the Tunisian government 200,000 acres of public land 
and planted more than one and a half million olive trees, besides a 
large number of almonds. These lands are sold by the government 
at the rate of 75 cents an acre, one-half of the price being payable in 
advance and the remainder within four years, on condition that the 
purchaser shall put the land into a tree crop before the end of that 
time. This is in pursuance of the policy of the government to en- 
courage in every possible way the restoration of the olive orchards 
that made the country prosperous in ancient times. 

At present the orchards extend without interruption to an average 
distance of 20 to 25 miles from Sfax, while some of the outlying 
plantations are as much as 40 miles distant from the town. Those 
within a radius of 12 miles from Sfax, which are now in full bearing, 
belong almost exclusively to natives, while beyond them are the 
plantations of young trees more recently established by French col- 
onists. These newer orchards are in nearly all cases very large, 
some of them containing more than 25,000 trees. The entire area 
around Sfax occupied by dry-land olive orchards was estimated in 
1900 to be 475,000 acres, containing 3,333,000 trees. During the ten 
years from 1896 to 1905 a yearly average of more than 1,000,000 gal- 
lons of oil was produced. The product of these orchards is sufficient 
to maintain about two dozen oil mills in the town of Sfax, operated 
by Europeans and equipped with modern machinery, besides twice 
as many native mills, in which the power is furnished by animals. 

This wide expanse of orchards is a most impressive sight. The 
best view of it (see Pl. IV, fig. 1) is to be had from the summit of 
a little hill about 10 miles northwest of Sfax to which all visitors 
are taken. The straight rows of trees, separated by broad bands 
of bare, reddish soil, stretch to the horizon in almost every direc- 
tion. The whole face of the country is striped with gray-green 
and red. Probably nowhere else in the world has olive culture been 
so highly developed. The regularity of the planting is striking to 
anyone who is familiar with the haphazard way in which the trees 
are set out on hillsides in most parts of the Mediterranean region.’ 
The trees stand in perfectly straight lines and are 65 to 80 feet apart 
in each direction. They are carefully trimmed so as to have a sym- 
metrical, square-topped spread of foliage and are remarkably uni- 


@The jury for olive culture of the Congress held at Tunis in 1888, which 
was composed largely of French olive growers, agreed that the plantations at 
Sfax are “superb and leave far behind anything to be seen in Europe as to 
development of the trees and quantity of the fruit.” At that time the orchards 
were still practically all in the hands of natives. 
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form in size and shape. Nothing else is grown among them after 
they begin to bear, and the cultivation is so clean that it is hard to 
find a blade of grass in the well-cared-for orchards. 

This admirable culture is carried on without irrigation in a region 
where the rainfall averages only 9.3 inches and sometimes falls as 
low as 6 inches during several successive years. It is the most suc- 
cessful example of dry farming applied to a tree crop of which 
we have any knowledge. 

In order to understand the cultural methods practiced, it is neces- 
sary first of all to know something of the physical conditions of the 
Sfax region. 


GENERAL CHARACTERISTICS OF THE SFAX REGION. 
CLIMATE. 


Sfax, like most localities in northern Africa, has many of the 
climatic peculiarities of the vast Sahara Desert, which practically 
reaches the sea near the border of Tripoli, 110 miles southeast of 
Sfax. For this reason the climate of the east coast of Tunis, even 
as far north as the city of Tunis (fig. 1) is much more desert-like 
than the coast of Algeria, which is separated from the Sahara by 
two ranges of mountains. At Sfax the chief points in which the 
climate approaches that of the desert are the small rainfall and the 
long, hot summers. Yet it is not a typical desert climate, for the 
neighborhood of the sea gives it a comparatively high relative 
humidity and smaller daily and seasonal ranges of temperature 
than those that characterize the Sahara itself. 

Table I shows the average monthly temperatures at Sfax: 


TABLE I.—WVonthly and annual average mean, mean marimum, and mean mini- 
mum temperatures at Sfar. in degrees Fahrenheit. 


Mean Mean 


Month. Mean. of the of the 
maxima. minima. 
} 
F | “Rr. S150 
AE ah ca oa SE SR ES 2 ee ee ee ee er ee ee 1.38 59.1 43.3 
MSD TW anys = oo ee ee SS a eee | 54.4 61.8 46.9 
Vain G hn teens: ee a ee eee ee ee ene 59.1 67.2 50.2 
AN TE Se et eee ee Ply Se 8 ee ee eee 63.2 72.1 54.9 
Mla y tes 9 SE Bt Eee thar eS ES 68.8 ee 60.5 
evi Ne eae Sy ey ae ee ee 72.8 80.9 65.9 
Nl yee ee ee eee ne ae ee eee 78.5 87.8 72.0 
ATISUS ses Sas eee ee = i eS eee 79.3 88.1 72.9 
SUES OFFER OY Os Vpn me a pa TE gO ee a ee See oe 78.4 86.6 | 73.2 
OYEL HO OY Re ee Re SE BS i ee ee ee ee eee Se = Ss 72.8 79.4 64.5 
INOVEI Del ee. ae ee eee eee = te ee eee | 61.8 69.1 Daal 
TDOGEM DOT ses Se ee Se ee ee See 54.0 | 62.5 45.8 
| | 
YANVG GS DIEZY 8 (S450 ee Se ee 66.2 74.3 | 58.6 


«The monthly means for Sfax are based upon records cvvering a period that varies in 
length for different months from eight to seventeen years, but they have been corrected so 
as to agree with the sixteen-year means for each season (winter, spring, summer, and 
autumn) given by G. Ginestous (Etude sur le Climat de la Tunisie, Bul. Dir. Agric. et Com. 
Tunis, 1902 and 1903). The correction in most cases amounts to only about 1° F. and in 
no case exceeds 3°. 
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Most localities in the southwestern portion of the United States 
are characterized by a greater range of temperature than occurs at 
Sfax, having colder winters and warmer summers. At Tucson, 
Ariz., the monthly mean temperatures are much like those at Sfax, 
except for May, June, July, and August, when the temperatures are 
considerably higher at Tucson. The means of the maxima of the 
spring and summer months are much higher at Tucson than at Sfax, 
while the means of the minima are much lower at Tucson during the 
nine months from September to May. The yearly mean of the 
maxima is nearly 8 degrees higher, and the yearly mean of the 
minima is 64 degrees lower at Tucson than at Sfax. 

San Antonio, Tex., corresponds closely with Sfax in the mean tem- 
peratures of all the months, except April, May, and June, when the 
monthly means are considerably higher at San Antonio. The monthly 
means of the maxima are uniformly somewhat higher at San An- 
tonio, the difference being most marked for the months of April to 
July. The monthly means of the minima at San Antonio are slightly 
lower in autumn and winter but somewhat higher in spring and 
summer than at Sfax. 

There is no evidence, however, that within wide limits temperature 
is a factor of very great importance in olive culture. 

Table II shows the average monthly and annual precipitation at 


Sfax: 


Taste Il.—Average monthly and annual precipitation at Sfaxr.“ 


, Precipi- | Precipi- 
Month, tation. | Month. fabio 
Inches. Inches. 

CAO a OAT Uste ee eee mee a ee 0.04 

teal September. 2222-2 = oe 0.78 

On Cal ROChovenie t= sae Se 1.17 

eal NL OMEIR DOr see cere es es Ee 1.21 

OF5S3 IMDeCe Iberia eos See 1.36 

0.08 |\- ———— 

0.04 Potaliannual=- 5-5 — += 9.35 


«Based upon a period of fifteen years (1886 to 1900). ‘The above data are taken from 
G. Ginestous, Les Pluies en Tunisie, Dir. Gén. de l’Enseignm. Publ., Serv. Météorol., ed. 
2, pp.. 86, 87 (1901). 


If we compare the rainfall of Sfax with that of localities in the 
southwestern United States, we find that San Diego and Fresno, 
Cal., Tucson, Ariz., and El Paso, Tex., have practically the same 
yearly total, while at San Antonio, Tex., the yearly total is about 
three times as great, and at St. George, Utah, only about two-thirds 
as great. In the distribution of the rainfall during the different 
months of the year, San Diego and Fresno most nearly resemble 
Sfax, while Tucson, El Paso, and San Antonio show a marked dif- 
ference in their relatively heavy midsummer rainfall. Most of the 
precipitation at Sfax occurs in the autumn, winter, and early spring, 
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December being the month of greatest rainfall, with a second maxi- 
mum, only slightly lower, in April. July and August are the driest 
months. 

The total rainfall at Sfax varies greatly in different years. Thus, 
in 1890 it amounted to 17.4 inches, and in 1895 it was only 3.2 inches. 
During the seven years from 1898 to 1904 the total rainfall was only 
41 inches; hence the yearly average was only 5.8 inches. The rela- 
tion that apparently exists between the rainfall and the size of the 
olive crop is discussed farther on. 

There are no perennial streams in the Sfax region. The inhabi- 
tants depend upon wells and cisterns for water for irrigating their 
gardens and newly set out olive trees as well as for household pur- 
poses. The wells vary greatly in depth. For instance, about 30 
miles north of the town there is a well 220 feet deep, while only 34 

miles away there 

Pp = is a 33-foot well. 

EE The average 

depth is perhaps 

between 50 and 80 
feet. 

In the zone of 


Fic. 3.—Diagram showing construction of cisterns at Sfax, being gardens contain- 
a section through two of the openings (0) in the concrete ino a variety of 
cover (t) by means of which water that falls upon the plat- : ; 
form (p) enters the cistern (c) ; s is the surface of the soil. fruit trees which 


hes between the 
town and the olive orchards, the roads are bordered by cisterns of 
a peculiar type (fig. 3). A concrete platform, often 40 or 50 feet 
square and about 2 feet high at the edge, slopes from all sides 
toward the center, the opening of which is protected by a con- 
crete cover. Small holes in the sides of the cover allow the water 
that falls upon the platform to enter the cistern beneath. Water is 
drawn when needed through a hole in the top of the cover, which is 
protected by a movable lid. This type of cistern has been used in 
Tunis for two thousand years or more. 

In years of unusually small rainfall, such as 1904, water becomes 
so scarce that 4 or 5 gallons (the capacity of the ordinary water jar 
used by the natives) are retailed for 2 cents. It has been necessary 
at times to import drinking water from Naples and to use sea water 
for washing clothes. 
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TOPOGRAPHY AND SOILS. 
TOPOGRAPHY AND NATURAL VEGETATION, 


The portion of southern Tunis in which dry-land olive culture 
reached its highest development in ancient times is that where 
Quaternary deposits form the surface covering. The district around 
Sfax that is now occupied by olive orchards is a slightly rolling plain 
of low elevation, extending from the coast toward the base of the 
high table-land that occupies central Tunis. In its natural condition 
it is a steppe, in many ways like’the great plains east of the Rocky 
Mountains, and especially like parts of western Texas and eastern 
New Mexico. It bears a scattered vegetation, a conspicuous feature 
of which is the Christ thorn (Zizyphus spina-christi), a spreading 
thorny bush with most of the trunk underground, thus resembling the 
mesquite (Prosopis juliflora) as it grows in eastern New Mexico. 
Like the mesquite, the Christ thorn generally occupies the summits 
of small mounds, which it has probably helped to form by catching 
and holding wind-blown soil. While its stems are usually only 4 or 5 
feet high above ground, its roots are said often to penetrate to a 
depth of 12 feet or more. The presence of this shrub makes the 
clearing of the land difficult and expensive. Sagebrush (a species of 
Artemisia) and coarse bunch-grass make up the bulk of the natural 
vegetation. 

SOILS. 


The soil that is considered most desirable for olive culture is bright 
red in color. It is generally of considerable depth, but at some places 
within 20 miles of Sfax hardpan is said to be encountered only 24 
inches below the surface. To an average depth of 7 feet the soil 
appears to be generally rather uniform in texture, but below this 
strata of fine material alternate with layers of coarse sand and gravel. 
As regards water content, it is stated * that when the surface soil was 
air dry, at a depth of 8 inches the moisture content was found to be 6 
per cent, at 20 inches 10 per cent, and at 40 inches 14 per cent. This 
would indicate a distribution of soil moisture to which only trees and 
deep-rooted perennials could adapt themselves. It is said” that 
even after several months without rain the soil at a depth of 8 inches 
contains enough moisture to stick together when squeezed in the 
hand. At the end of January, 1905, however, when heavy rains had 
followed a prolonged drought, the writer observed that while the 


“Bourde, P. Rapport sur les Cultures Fruitiéres * * * dans le Centre 
de la Tunisie, 2d edition, 1899, pp. 13, 14. 

»Bertainchand. Note Explicative sur la Carte Agronomique et Hydrologique 
* * * des Terres de la Région de Sfax, Paris, 1896, p. 16, 
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first 8 inches of the soil had been thoroughly moistened the next 16 
to 24 inches were very dry and powdery. 

As to texture, this soil when dry has the appearance of a sandy 
loam, with rather coarse particles. An average of the results of 
mechanical analyses by the chemist of the Tunisian government ¢ of 
82 samples collected in every part of the Sfax region gives 80 per 
cent of “coarse sand” and 20 per cent of “fine material.” Yet 
an apparently typical sample collected by the writer in an olive 
orchard about 5 miles from Sfax was found by the Bureau of 
Soils of the United States Department of Agriculture to contain 
a great deal of silt and clay, amounting together in the surface foot 
to 45 per cent of the whole and in the third foot to 23 per cent. The 
remaining 55 and 77 per cent, respectively, consisted mainly of * fine 
sand” and “ very fine sand.” The real state of the case appears to 
be that in the natural condition of the soil these fine particles are 
held together by lime or some other cementing material, so as to 
form particles that resemble grains of coarse sand. These become 
separated when the soil is shaken for a long time in water.? 

Table III shows the results of mechanical analyses made by the 
Bureau of Soils of the United States Department of Agriculture of 
soil samples from the Sfax olive orchards. 


Tape I1].—WVechanical analyses of soil samples from the olive orchards of Sfax. 


| Me- Very | 
: ae | ying Coatse ee a ee | Silt, Clay 
Sane ept |gravel,| sand, | sand, | sand, | sand, | a OS tON tance 
Locality. taken. | 2tol’1to0.5| 0.5 to | 0.25 to| 0.1 to | 0.0085 pee 
| | mm. mm. | 0.25 |0.1mm.| 0.05 | mm. | 
| mm. mm. | | 
| = | 
Inches. | P. ct. | 12, Gir PC. (PS Chs IB iti | eae Pe Ct: 
Olive orchard, Sfax..........-.- 0 to 12 0:2) 43 pil 24.1 AUG) ikea 30.0 
IBfoV AS os-nseucbs.qacanspDanonol 13 to 24 4 | Gis d 9.7 33.9 24.0 | bak] 16.0 
D6, 3 eee ee Re eee ae 2 to 36 | 5 | 7.9 |) 10,3) |) aaa 2k Ge yet ening 
DO ee see eee eee eae hiecise 0 to 12 | Ay 4.6 6.8 26.4 22.5 13.4 | 26.2 
Olive orchard, 20 miles north 
GUS Tae aiens kc wen eee elie (*) | a3 7 Be eee) Sze) | 5919) ors: 
| 


* Adhering to olive truncheons, probably about 12 inches. 


Chemical analyses of a large number of samples of the Sfax olive 
soils by the chemist of the Tunisian government show them to be very 
rich in lime (calcium carbonate), of which there is an average of 
from 5 to 10 per cent. The potash content is also good, the average 
being 0.1 to 0.2 per cent. On the other hand, they are rather poor in 
nitrogen (0.03 to 0.05 per cent) and in phosphoric acid (0.04 to 0.05 


4 Bertainchand, 1. ¢. 

’In the French method of mechanical analysis of soils, much less water is 
used-and the digestion is much more rapid than in the method followed by the 
Bureau of Soils; consequently by the former method the aggregates of fine 
particles are less likely to be broken up through the solution of the cementing 
material. 
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per cent). According to Trabut,‘ a high lime content is a very favor- 
able factor in growing olives for oil production, as olives produced 
in limestone regions are richer in oil and the oil is of better quality 
than where the soils are deficient in this component. It should be 
noted that while the nitrogen and phosphoric acid content of the 
Sfax soils would be considered low for most crops, the high yields 
and good quality of the oil produced at Sfax are sufficient evidence 
that the supply of these two elements of plant food must be amply 
sufficient for the requirements of the olive. This can perhaps be 
explained by the fact that the roots of this tree occupy so great an 
area of soil (one-seventh to one-tenth acré) that while the percentage 
of these elements to weight of soil is everywhere low the total amount 
available to the roots is actually rather high. 


THE OLIVE ORCHARDS OF SFAX. 
THE VARIETY GROWN. 


The Sfax orchards contain only one oil-producing variety, the 
Chemlaly,” to which prebably at least 95 per cent of the trees belong, 
the rest being varieties with larger fruits used for pickling. The 
fruits of the Chemlaly are very small but are produced in great quan- 
tity (Plate III). They are exceedingly rich in oil, yielding 30 per 
cent in factories where modern presses are used and as high as 344 
per cent in extraction experiments made by the chemist of the Tunis 
government. These are unusually high percentages, but they are at- 
tributable, perhaps, more to the heat of the climate than to a pecu- 
larity of the Chemlaly variety, for still farther south in Tunis the 
olives are even richer in oil. In the extraction experiments above re- 
ferred to, olives grown in the celebrated oil-producing district of Bari 
in southern Italy yielded only 28.2 per cent. In European countries 
near the northern limit of olive production the fruit is said to yield 
only 13 per cent of oil. 

Oil made from the Chemlaly variety is very pure and of excellent 
flavor. For commercial purposes, however, it has a serious defect in 
its high content of stearin, or fixed acid, which causes it to congeal 
at relatively high temperatures. This characteristic renders Sfax 
oils difficult to sell in northern Europe, and it is especially prejudicial 
to their use in preserving sardines, etc. It is not, however, an insuper- 
able objection, since the excess of stearin can be removed at a rela- 
tively small expense. 


4Trabut, L. L’Olivier, Bul. 21, Service Bot., Gouvernm. Gén. Algérie, 1900, 
p. 43. 

» Five or six very different varieties, ali: known as Chemlaly, occur in Tunis. 
That grown at Sfax is commonly designated as the “ Chemlali de Sfax.” 
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Opinions differ as to whether the high stearin content of the Sfax 
olive oils is a peculiarity of the Chemlaly variety or is due to the 
character of the soils of Sfax. That it is not attributable to the 
climate seems certain, for oils made from olives grown in still hotter 
and drier parts of Tunis are said not to congeal more readily than 
do those from the northern part of the country. M. Bertainchand, 
the chief chemist of the Tunis government, holds the character of 
the soil to be responsible, the soils in which olives are grown in 
northern Tunis being generally heavier than those of Sfax. It should 
be noted, however, that oils produced in the oases on the northern 
edge of the Sahara, where the soils are sandier than at Sfax, resemble 
the oils of northern Tunis rather than those of Sfax in their per- 
centages of fluid and fixed acids. Perhaps the low water content 
of the soil contributes to this peculiarity in the composition of Sfax 
oils, northern Tunis having a much higher rainfall and the oases 
being abundantly irrigated. The latest authority who has investi- 
gated this subject holds, however, that the percentage of stearin is 
essentially a characteristic of the variety rather than a direct result 
of the physical conditions.“ 

Whether the large yields of fruit obtained at Sfax from the 
Chemlaly olive are an inherent characteristic of the variety or are 
due to the climate or the soil or the superior cultural methods used 
seems not to be known. All authorities agree, however, that 
this variety is exceptionally well adapted to growing without irri- 
gation in a hot, dry climate. It has been suggested by Dr. L. Trabut, 
government botanist of Algeria, that the Chemlaly will probably 
be useful as a drought-resistant stock upon which to graft larger 
fruited varieties. It is, in fact, thus employed to some extent at 
Sfax, but its value for this purpose will probably be limited, since 
olives that are large enough to be commercially valuable for pick- 
ling can in all hkelihood be produced only where abundant water 
is available. ; 

PROPAGATION. 


The Chemlaly olive is never grafted at Sfax but is grown on its 
own roots. It is always propagated by means of large truncheons— 
pieces of wood taken from the base of the trunk or of the largest 
roots—a method that seems to be peculiar to Tunis.? These cuttings 


4See Marcille, in Bul. Dir. Agric. et Com., Tunis, 1906, p. 516. 

¢Dr. L. Trabut, the government botanist of Algeria, states that it is not 
practiced in Algeria. Prof. S. C. Mason, arboriculturist of the Bureau of Plant 
Industry, reports that the cottonwood (Populus deltoides) is sometimes propa- 
gated in western Kansas by means of “ snags,’ or truncheons, pieces of wood 
with several buds obtained by cutting up the branches of this tree. They are 
of the thickness of a piece of stove wood and 1 or 2 feet long. They are some- 
times set in deep furrows and the soil is then firmed in around them. 
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are obtained from the old neglected trees—relics of the ancient olive 
orchards—that are scattered over the country (see fig. 2). When such 
trees do not occur on the estate that is to be planted, the cuttings are 
purchased from natives who have them. Either the whole tree is 
uprooted and all the cuttings it can furnish are removed at once with 
a saw or else only two or three are taken off at a time. In the latter 
case the usual method is to cut with a hatchet about half way through 
the root that is selected to furnish the cutting, at two points 8 to 10 
inches apart. A spade is then struck into the upper cleft and the 
root is split down the middle as far as the lower cleft, thus leaving 
unhurt the under half of the root from which the cutting has been 
removed. The wounds are carefully trimmed with a pruning knife. 
In this way the root which furnishes the cutting is left attached to 
the parent tree and continues its functions. 

The truncheons thus obtained are generally 8 to 10 inches long and 
of very unequal thickness, although said to average 4 inches. The 
drier the weather and the soil at the time of planting the larger they 
should be. In no case should they weigh less than 24 pounds, and 
they are generally heavier, tor the vigor of the tree for the first year 
or two, at least, depends largely upon the size of the truncheon from 
which it originates. They retain the bark and should have at least 
three eyes or buds. If they have roots attached, these are cut off and 
care is also taken to trim away all rotten wood. The best results 
are obtained with cuttings taken below the surface of the ground. 
When of the dimensions just described they will not be injured by 
exposure for two weeks to the sun and air, but if a longer interval 
elapses before they are planted they should be wrapped in straw or 
else buried in the ground until wanted.* 


CLEARING THE LAND. 
The first step in establishing an olive orchard at Sfax is, of course, 


clearing the land of its native growth of erass and bushes. Where 
the deep-rooted thorny shrub known as Christ thorn cecurs this is 


“Four dozen such cuttings were imported from Sfax by the Department of 
Agriculture in 1905. They were taken from the trees about February 15 and 
were covered with soil until the end of the month, when they were packed with 
wet straw in ventilated wooden boxes and shipped to New Lork, being watered 
at least once during the voyage. When unpacked at Washington on April 20, 
only one or two of them showed signs of life. When planted, however, hardly 
one failed to send up numerous shoots, which by October 15 had reached a 
height of 4 to 5 feet. They were sent to San Antonio, Tex., Tucson and Phoe- 
nix, Ariz., and several localities in California. In most cases they have made 
a good growth, and material for further experiments with this variety seems to 
be assured. 
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a troublesome and expensive operation, but otherwise a fairly deep 
plowing is generally effective. As a rule, the greatest difficulty in 
getting the land clean and keeping it so is due to the presence of 
Bermuda grass, the worst weed of the Sfax region. As irrigation is 
not practiced, except that the young trees are watered by hand during 
the first one or two summers after planting, it is not necessary to level 
the land. In the largest plantations it is the custom not to clear the 
entire surface before planting but merely strips about 12 feet wide, 
in the centers of which the rows of trees are to be set. These strips 
are broadened from year to year until the whole surface of the 
orchard has been freed from weeds and brush. Whenever possible, 
however, it is preferable to clear the entire area at the outset, since 
the unreclaimed portion harbors Bermuda grass, which ‘rapidly 
spreads into the strips containing the rows of trees. 


PLANTING. 
DISTANCE BETWEEN THE TREES, 


Wide planting, combined with clean cultivation (see Pls. I 
and IV), is the chief factor of success in olive culture at Sfax. 
Fifty years ago the Arabs hit upon the plan of setting out the trees 
about 80 feet apart each way, thus giving slightly less than seven 
-trees to the acre; but this small number is said to produce as much 
oil as do 50 trees at Susa or 60 to 80 trees in northern Tunis. The 
natives continue to plant at this distance, but there is a tendency 
among the French owners of orchards to decrease the distance be- 
tween the trees to 65.5 feet, which gives space for 10 trees to the acre 
if planted in squares and 114 trees if planted in quincunx, as is now 
frequently done by French olive growers. This system of wide 
planting conforms to the habit of the olive tree, at least when grown 
under the climatic and soil conditions of Sfax. It is there a com- 
paratively shallow-rooting tree, but the roots form a dense network 
extending horizontally to an average distance, it is said, of 25 feet in 
every direction. The root systems of two olive trees at Sfax 80 feet 
apart have been observed to meet. 

Great care is taken, even by the natives, to secure a perfect align- 
ment of the trees and to plant them at exactly equal distances. Con- 
sequently the Sfax orchards are models of systematic planting. 


4@One olive grower at Sfax informed the writer that practically the entire 
root system is contained in the first 3 feet of the soil. The shallow-rooting 
habit of the olive at Sfax may be at least partly due to the method of propaga- 
tion by truncheons, which prevents the formation of a taproot. Rooted cut- 
tings, such as are used in other parts of Tunis, are said to quickly develop a 
taproot. There is little doubt, however, that the olive is more shallow rooting 
than most fruit trees. 
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TIME AND METHOD OF PLANTING. 


The trees are set out from November to February, but the best 
months are November and December, the benefit of the winter rains 
being thus secured. When heavy rains occur immediately after 
planting, as many as 98 per cent of the trees sometimes live, but 
ordinarily only 80 per cent survive. If the truncheons are set out in 
November, the shoots appear the following spring. If planting is 
deferred until February, the shoots do not ordinarily appear until 
the following autumn, or even the second spring, and the percentage 
of trees that fail to grow is often very large. 

The truncheons are always planted at the bottom of holes (see 
fig. 4), these being generally 2 feet square and 2—or sometimes 23— 
feet deep. The young shoots are thus partially shaded, and the soil 
around them can be kept much more moist than if the truncheons were 
planted near the surface of the ground. It is advisable to prepare the 
holes several months _ be- 
fore planting, in order 
that the soil at the bottom 
may become thoroughly 
aérated and be moistened 
by the first autumn rains. 
For November planting it 
is recommended that the 
holes be made in June or 
July, since at that time the 
soil is still moist from the 
spring rains and hence easy 
to work. In a lght soil a 
native laborer can dig these Fic. 4.—Diagram showing method of planting olive 
holes at the rate of fifty a truncheons at Sfax. (After Minangoin.) 
day. 

In planting, the hole is about half filled with loose soil. The 
truncheon is laid on ‘this, the side on which the bark remains and 
which contains the buds being of course uppermost. It* is then 
pressed down and covered with about 2 inches of soil. Manure is 
never put into the hole. As the shoots push up, the hole is filled 
until, two or three years after planting, it is nearly level with the 
surface; but it is desirable to maintain a slight depression, in order to 
hold as much water as possible around the young tree. 

Of the numerous shoots that spring up from the truncheons, all 
are preserved the first year, but during the second year all but the 
two most vigorous ones are removed, and during the third year only 


the best and strongest shoot is allowed to grow. 
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Occasionally the truncheons are planted in nursery form before 
being set out in the orchard. In a large orchard thus established 
near Sfax that was visited by the writer, the trees, after having 
grown one year in the nursery and three years in the orchard, were 
5 to 6 feet high above ground. Ordinarily, olive trees grown from 

these large pieces of old wood begin to bear when six years of age, 
but do not give any considerable amount of fruit until ten years old. 

The estimated cost of planting one hundred trees in the manner 
above described is $4.75 to $5.30, including the purchase and trans- 
portation of the cuttings, digging the holes, and planting. This is 
only possible because of the very cheap labor obtainable in Tunis, 40 
to 50 cents being the ordinary day’s wages of laborers in the olive 
orchards at Sfax. 

WATERING THE YOUNG TREES 


While the olive orchards at Sfax are not irrigated after they are 
once established, sufficient water for that purpose being unobtainable, 
it is usually necessary to water the young trees during the first sum- 
mer or two after they are set out. For this purpose the water of wells 
and cisterns is used. There seems to be much diversity of opinion as 
to the number of waterings that are necessary, but the usual practice 
appears to be to water two or three times during each of the first two 
summers after planting, at the rate of 5 to 10 gallons to the tree at 
each watering. Frequently the young orchards are given no water 
during the second summer. In one plantation visited by the writer 
the trees were watered only once after planting. It is said that in 
exceptionally rainy years no watering whatever is necessary and that 
the trees planted in such years make the best growth. The labor re- 
quired in watering is a considerable item in the expense of establish- 
ing an olive orchard at Sfax, the nearest well being often a mile 
distant from some of the trees.* The natives water their trees by 
means of earthenware jars holding 4 or 5 gallons, but on the large 
plantations owned by Europeans a watering cart is generally used. 
To facilitate its passage, a strip of land 6 feet or so wide on either 
side of the rows of trees is left unplowed during the summer.” 


@Minangoin estimates at Angas should be one well to every 570 acres of 
orchard. (L’Olivier en Tunisie, 1901, p. 57.) 

SAS a means of avoiding at least part of this laborious watering, it was sug- 
gested to the writer by M. Louis Drappier, of the Service des Antiquités et des 
Beaux Arts at Tunis, that a practice followed by the Arabs in establishing 
orchards in parts of Algeria where water is scarce might be advantageously 
adapted to dry-land olive culture. This consists in placing in the bottom of 
each hole in which a young tree is to be set about 100 pounds of cactus pads 
and covering them with a thin layer of soil, upon which the young tree is 
set. It is said that a supply of moisture sufficient to last two years is thereby 
assured. It would seem doubtful, however, whether an adequate supply of 
moisture would thus be provided and also whether good conditions for the roots 
of the young trees would result from this manner of planting. 
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TILLAGE. 


Good tillage is essential to successful dry-land olive culture as 
practiced at Sfax, and this was thoroughly appreciated from the be- 
ginning by the intelligent natives who brought the present system 
into general use once more. In order to keep as much moisture as 
possible in the soil, a dust mulch, which reduces evaporation to a 
minimum, is maintained on the surface, especially during the sum- 
mer. This loose condition also facilitates absorption of the rain that 
falls in autumn, winter, and spring. Furthermore, the greatest care 
is taken to destroy all weeds that appear. Bermuda grass is the most 
troublesome of these, much of the land suitable for olive culture 
around Sfax being thoroughly infested with it. As it is advisable 
to extirpate this weed before the trees are set out, the best results can 
sometimes be had when planting is postponed until the second year 
after work on the orchard is begun. The following method is recom- 
mended by Minangoin for getting rid of Bermuda grass. 

A shallow plowing—to a depth of only 3 or 4 inches—is given 
with the rude Arab plow, followed by a harrowing, or preferably 
two cross harrowings. In this way the soil is pulverized and the 
grass roots are turned up and exposed to the sun and air. On the 
other hand, a deeper plowing would only bury the rootstocks out of 
reach of the teeth of the harrow and the shoots would quickly find 
their way to the surface again. The land is then gone over with a 
rake—generally the primitive Arab instrument known as the “ mes- 
saba ”’—and the rootstocks gathered up by it are burned. A second, 
somewhat deeper plowing, followed again by the harrow and the 
rake, is said to be in most cases effective in extirpating the grass. 

A different plan requiring much more time and labor, although 
equally effective, is generally followed by the Arabs. Instead of the 
plow they use the “ maacha” (see fig. 5), an instrument made like 
a plow, but having in place of a share a flat, thin bar about 24 feet 
long, set so that its front edge slants toward the ground and adjust- 
able so as to cut the soil at the desired depth. It otherwise resembles 
the native plow and is guided in the same way. This implement is 
passed over the land at intervals of a week or two, especially in sum- 
mer, but also a few days after every rainfall in winter and spring. 
The maacha does not remove the roots but is set so as to cut off the 


grass stems an inch or so below the surface of the soil. As a result 
the roots, deprived of leaves, finally rot in the ground. It is some- 
times necessary to use the maacha a dozen times in rapid succession 
before the land is clean. The instrument as used by the natives 
requires a great deal of strength to operate. The driver must stoop 
and throw the whole weight of his body against the handle bar; but 
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an improved form devised by a French colonist at Sfax can be guided 
by a man standing erect with his hands on the bar. 

The importance attached to getting the land clean is shown by the 
fact that the ‘“m/’rharci” contract (see p. 34) is not considered to 
have terminated until the Bermuda grass has been extirpated. The 
extraordinary precautions taken to get rid of this weed show how 
essential clean culture is considered. 

After the land has been cleared of weeds, it is worked less often. 
To obtain the best results, however, it 1s necessary to plow at least 
three times every year, irrespective of the age of the trees, The Arab 
plow, set to a depth of about 4 inches, is generally used. One 
authority recommends that the first plowing be given in the winter, 
immediately after the harvest, in order to loosen the soil that has 
been trampled down in the proc- 
esses of harvesting and prun- 
ing. The second plowing should 
take place in spring, after the 
trees have blossomed, and the 
third in August or September. 
Many growers, however, omit 
the plowing in summer, and on 
some large plantations only a 
single plowing is given, soon 
after the harvest is finished. A 
marked benefit results if the 
Fic. 5.—The ‘‘maacha,” the tool used by the Arabs Soil is stirred to a greater depth 

(hte sa grass and other weeds, with a French plow once every 
two or three years. It is con- 
sidered advisable, however, not to plow deeper than 10 inches, to avoid 
injury to the roots of the trees. In addition, the maacha is passed 
over the land, especially after a rain in winter, as often as is neces- 
sary to keep down the weeds and restore the mulch. At least three 
cultivations a year with the maacha are considered essential. The 
natives as a rule do all their cultivating with the maacha, using the 
plow only in preparing the land for seeding to grain. 

It is customary during the winter to keep around each tree a shal- 
low basin of the depth reached by the Arab plow. This is at first 
simply the nearly filled up hole in which the tree was planted, but is 
extended as the tree increases in size, so as to be always a little greater 
in diameter than its spread of foliage. 

In summer the ground is cultivated up to the bases of the trees, but 
each autumn the surface of the basins is packed down and made 
smooth, so as to facilitate gathering the fruit that drops to the ground 
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during the harvest, which would be hard to pick up from plowed 
ground. The basins also serve the important purpose of catching 
and holding rain water around the bases of the trees during the win- 
ter and spring. In one plantation visited by the writer there were 
two short, shallow trenches, converging in V-shape, as shown in figure 
6, on the uphill side of each tree, which serve to conduct the surface 
water after rains to the basin around the tree. 

The suggestion was made to the writer by a French tenant on one 
of the new olive orchards near Sfax that the rain which falls upon 
the surface of the orchard could be better utilized if only an area 
around each tree corresponding in extent to that occupied by its 
roots were cultivated, Jeaving a strip of smooth, unplowed ground 
between each two neighboring trees. The water falling on the lat- 
ter would run off the hard ground between into the cultivated areas 
around the trees. As a result of the existing practice of keeping the 
entire surface of the orchard cultivated, all the water is absorbed 
where it falls, and in the middle of the spaces 
between the trees, at least while the latter are 
young, sinks into the ground without reaching 
their roots. After the trees have reached their 
full growth, however, it is probable that their 
root systems occupy practically the entire area 
of the orchard. 

Until the olive trees begin to bear a consider- 
able quantity of fruit, i. e., usually until they 


are about ten years old, field crops are fre- ¥16- 6—Diagram illus 
i trating a method of 


quently grown among them, but after that time, conducting surface 
and sometimes after the sixth year, all such water to the base of 


p A an olive tree (t). 
crops are rigorously excluded. Barley is the 


crop that is most often grown in the young orchards, although wheat 
and horse beans (Vicia faba) are also grown. All these are fall- 
sown crops. Wheat is a more uncertain crop than barley at Sfax 
and is thought by the natives to draw more heavily on the scanty 
supply of moisture in the soil. Even barley, though sown every 
year, can be counted upon to give a good crop only once in three 
years. In some orchards barley and horse beans are grown in 
rotation. 

From the outset, however, strips of ground 10 to 12 feet wide, in 
the center of which are the rows of trees, are left absolutely bare. 
These are widened and the area devoted to small crops is propor- 
tionately diminished each year until the olives begin to bear, when 


Bul. 21, Serv. Bot. Gouvernm. Gén. de l’Algérie, 1900, p. 41. 
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MANURING. 


Chemical fertilizers are not used at Sfax, and even the application 
of barnyard manure is rather the exception than the rule, although 
it is admitted that a marked increase of yield can be obtained by this 
means. Domestic animals are few in the Sfax region, and in the 
extensive orchards recently planted by the French on the edge 
of the olive-growing district manure is often almost unobtainable. 
Some of the richer natives who own the older orchards near the town 
are better situated in this respect. 

The first apphcation of manure is said to be generally given when 
the trees are 10 to 12 years old, and thereafter is repeated every four 
or five years at the rate of 100 to 200 pounds to the tree. The manure 
is buried near the foot of the tree, the following method of putting it 
in being recommended by the manager of one of the large French 
plantations: A trench about 6 feet long, 2 feet wide, and 2 feet deep 
is dug on the uphill side of the tree, about 6 feet distant from its 
base, and is filled with well-rotted mixed barnyard manure. For- 
merly the manure was buried around the tree at its very foot, a prac- 
tice that frequently injured the bark of the crown. 


PRUNING.? 


One can not visit the older olive orchards around Sfax without 
being impressed by the symmetry of the trees and the uniformity in 
size and shape of their tops. This regularity is due to the great 
care that is given to the matter of pruning. Certain of the natives 
who are adepts at this work and can prune on an average eight or ten 
trees a day receive 60 cents a day for their services. The cost of 
pruning is partly and sometimes fully covered by the value of the 
wood removed in the process, firewood being scarce and dear in that 
region. The larger branches are removed with a saw and the smaller 
ones with a pruning hook, care being taken to make clean sections. 

From the time the trees are three years old until they begin to 
bear they are trimmed a little every year, just enough to give them 
the proper shape. Severe pruning of the young trees is avoided, as 
it interferes with the proper development of the root system, upon 
which so much depends in the dry climate of Sfax. During the 
first two or three years it is considered inadvisable to prune the root 
shoot that has been selected to form the trunk, as otherwise it will 
grow up rapidly into a spindling, little-branched stem. When the tree 
is three years old the terminal shoot is cut off, and the first four 


4Much of the information contained in this section is taken from Minangoin, 
N., L’Olivier en Tunisie, Tunis, 1901, a publication that has been freely 
consulted in preparing the chapters on cultural methods. 
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branches below it are allowed to develop, all branches farther down 
the stem being suppressed (fig. 7). It is said that bearing commences 
on an average two years earler when the terminal shoot is removed 
than when it is allowed to remain. The 
removal of the apex of the stem causes 
the four branches that are left just below 
it to ascend obliquely instead of spread- 
ing horizontally. The year following 
the tips of these four branches are in 
turn removed and all but one of their 
lateral twigs are cut back (fig. 8). Dur- 
ing the fifth year new twigs begin to 
shoot out from the buds on the stumps 
(fig. 9) and the young tree begins to 
assume definite form. 
The pruning is directed so as to secure 
a symmetrical, well-rounded top (Pl. Fic. 7—Sketch showing _ the 
I and Pl. IV, fig. 2) with the leading ee eae ee eee ee 
branches at regular intervals and rather The dotted lines indicate the 
far apart. Care is taken to prevent the ade BYE her 
tree from becoming so tall as to make 
harvesting difficult, the ideal being a height that equals the spread of 
the foliage. The inner branches are kept well thinned out, so as to in- 
sure the access of as much light as 
possible to all the fruit-bearing 
twigs. The rapidly growing erect 
shoots, which absorb much of the 
sap of the tree and bear little or no 
fruit, are removed, except those that 
are destined to become the main 
branches. Branches growing in a 
horizontal direction or inclined to 
droop at the end are favored. The 
yield largely depends upon the 
attention given to these points. The 
superiority in size of trees and the 
greater magnitude and regularity of 
yield shown by the Sfax orchards as 
Fic. 8.—The tree shown in figure 7 as compared with those of other parts 
Pnnaeet nn Seats old. (After of Tunis are largely attributed to the 
. ‘are with which the pruning is done. 
When the trees begin to bear, biennial pruning is generally sub- 
stituted for annual, and the operation is usually performed imme- 
diately after the harvest, in January or February. On some plan- 
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tations, however, the trees are pruned lightly every year, and this is 
said to insure larger yields year in and year out and to cause less 
injury to the trees. In annual pruning, the custom is to prune 
lightly after a small crop in order to secure a heavy crop the season 
following. After a good crop a thorough pruning is given, as the 
same tree will not yield heavily two years in succession. 


HARVESTING. 


Olives commence to ripen at Sfax in October, those borne by the 
youngest trees being the first to mature. The harvest ordinarily 
begins in the latter part of 
October and lasts until the 
end of January, but when 
the crop is unusually heavy 
it sometimes continues until 
March or even April. The 
fruit is mostly sold on the 
tree, the buyer taking charge 
of the harvest. In this, as 
in all operations connected 
with olive growing, greater 
care is taken at Sfax than 
in most. olive - producing 
regions. The harvester by 
means of a double ladder 
(see Pl. I, frontispiece) is 

able to gather most of the 
Fig. 9.—The tree shown in ES T and 8 as) fruit by hand. The use of 
it appears when five years old. (After 6 5 
VERGE EO. a pole is avoided as far as 
possible, since the olives are 
likely to be injured by bruises when knocked off. Moreover, many of 
the young twigs, which are to bear the crop of the following year, 
are destroyed when this method is followed. In pruning, the im- 
portance of making every part of the tree as accessible as possible to 
the harvester with his ladder is taken into consideration. 

The natives are very dexterous in gathering the fruit, holding the 
branch with the left hand and stripping it with the right, three fin- 
gers of which are armed with the tips of rams’ horns, worn like thim- 
bles. The fruit is stripped off into a basket which is fastened to the 
ladder. When full, the basket is lowered to the ground by means of a 
cord. It is then emptied by the women upon pieces of cloth or mat- 
ting, and the fruit is freed from the débris of leaves, twigs, etc., 
mixed with it. Finally the olives are packed into large panniers, two 
of which make up a camel load (450 pounds). In the evening or 
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very early in the morning these baskets are loaded upon camels and 

are thus transported to the factory. When received there they are 

placed in shallow cement tanks without covers and are left exposed 

to the weather for three or four days. This renders them soft and 

permits the extraction of the oil with much less pressure than is 
equired when freshly gathered fruit is put into the presses. 

The olives are sold both in the orchard and at the factory at so 
much the “ kaffiz,” an Arab measure containing about 136 gallons. 
The ordinary price paid per kafliz at the factory is $13 to $15, which 
is an advance of 10 to 20 per cent on that paid for fruit on the tree. 
The price of a kaffiz of olives varies as much as $4 during a single 
season. In 1899 it rose to $20, and even $22, at the factory. 


YIELDS OBTAINED. 


The rapidity with which the orchards come into bearing depends 
largely upon the thoroughness of the cultivation given them and the 
degree of skill used in pruning. While well-tended trees sometimes 
bear a little when only 3 years old, neglected trees do not begin to 
yield until they are 12 or 15 years old. Asa rule it is eight to ten 
years from the time of planting before any considerable quantity of 
fruit is produced. Well cared for trees that are 10 vears old are con- 
sidered to be worth $3 to $3.50, the value increasing to from $5.70 to 
$7.60 for trees 15 years old and from $9.50 to $13.30 for trees 25 years 
old. When they reach the age of 25 years the trees are generally in 
full bearing. According to one authority, however, the yields con- 
tinue to increase up to the age of 40 years. Minangoin® gives the 
quantities of fruit and of oil from trees of different ages as follows: 


TABLE IV.—Average yields of fruit and of oil from olive trees of different ages 
in the orchards of Sfax. 


Yield of oil. 


Age of tree. ce Percentage “ABsalites 
| of weight ¢ Pies 
of fruit. Le oS 
Years: Gallons. Per cent. Gallons. 
Lb 3 See ee Se Ee eS a en ee eae ns oh Se See 5.3 15 0.8 
epee Oe Se 5 se SS eS: 10.6 15 1.6 
jbo Tt awe FES OER SS ee a AO Sete 2 eee 15.9 20 3.2 
aS SS ESS a Es ee 2 ER Ree ee eee File 25 5.3 


It is evident from the data given in Table IV that not only the 
total yields of fruit and oil but the page of oil to fruit by 


a SS N. Culture de YOlivier * +* * dans le Centre de la Tunisie, 
Tunis, 1900, p. 16. In the original the quantities are of course given in liters, 
not gallons. 
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weight increase rapidly with the age of the tree. When 25 years 
old, the average yield of oil per tree is about 6 gallons. Some 
individual trees attain a production of over 50 gallons of fruit, 
but such heavy bearers are said to constitute not more than 1 or 2 
per cent of the Sfax orchards. 

After the trees have come into full bearing their yields are said 
to remain stationary until they are 50 years old, when their pro- 
ductiveness begins to decline. When 80 years old the yields are said 
to diminish and become very irregular, dwindling to almost nothing 
in trees a hundred years old. If thoroughly pruned, cultivated 
deeply enough to lay bare the roots, and well manured, however, old 
trees can again be brought into bearing. 

The crop at Sfax from trees over 20 years old is said to be worth 
on an average about $2, although sometimes attaining from $3 to $4 
per tree. It must be remembered, however, that there are only seven 
to ten trees to the acre. 

It is instructive to compare the yields given in Table IV with 
those obtained in other olive-growing countries. Thus, in Provence, 
in southern France, well cared for trees in full bearing are said to 
produce an average of only 3.9 to 5.3 gallons of fruit, which, if 
we take the percentage of oil to be about half what it is at Sfax, 
would give about 0.6 gallon of oil. Hence, although in Provence 
the trees are planted only 33 feet apart. which allows about 60 to the 
acre when in squares and 70 when in quincunx, the yield of oil to the 
acre from well-tended orchards would still fall short of that at Sfax. 

The olive is markedly periodic in its bearing and will not produce 
two heavy crops in succession, no matter how favorable the climatic 
conditions may be. At Sfax the rule is said to be that if a tree 
yields heavily one season it will give a medium crop the second and 
a light crop the third season following. Different trees yield heavily 
in different years, so that every year some trees are giving their 
maximum crop. 

In January, 1900, there were in operation at Sfax 28 oil mills 
operated by steam power and 48 native mills operated by animal 
power. There were 15 mills controlled by Europeans and equipped 
with modern machinery. The total number of presses was 155, of 
which 56 were run by steam and 99 by animal traction. 


RELATION OF RAINFALL TO YIELDS. 


It is interesting to compare the amount of rainfall with the char- 
acter of the olive crop at Sfax during each of a series of years, such 
a comparison being given in Table V and being shown also in 
figure 10. 
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Taste V.—Yearly rainfall and olive production at Sfar in the years 1895 to 
1904, inclusive, the latter being indicated by the exports of olive oil from the 
port of Sfax during each following year. 


ae 
Olive crop of the year.* 


= Total Proportion 

Year. rainfall. | Quantity of the 

ic “*| average 

| yield. 

Inches. Gallons. Per cent. 
Vit Se Se ae ee ee a ee ee ee CRI thy pa ae en, ee Ae ee 
PLT SS Oe a ee eee ee 10.53 | 627,989 | 94.0 
Wee ee a tat A ee ee a eee 12.92 | 706,625 106.0 
ULL Ee Se Se se ee eS a 6.75 983,360 | 148.0 
[UL Le Se OE a ee en ee ee a ee ee ee SNA 523,258 | 78.5 
A eon Es ee Se ee oe ee Seri Se oer eee meme eee 4,13 612,711 | 92.0 
1 Tih. SLB eee ve SSIS Sipe ee eee es ee eee 7.93 233,120 | 38.0 
Oj ee TS ee ee ee ee eee ee ee 4.58 1,022,980 153.5 
TSE cee ee 3 a Se SR eae eee 5.26 | 591,985 | 89.0 
© SRE ES EE a a Se ae eee ee eee 6.77 | 666,386 | 100.0 
AWeraee, LOI VOATS => aA tea. Soe BS se et 6.44 665,368 100.0 
INORITAL Ors O Veare 2 oae8 fa ee a. Nee ee eh et GS Neo a ne ee 


«Tt should be noted that the statistics of exports do not discriminate between oil pro- 
duced by the crop of the preceding autumn and that of two years previous, some part of 
which is sometimes held in reserve at Sfax if the market be dull. However, a com- 
parison of the average prices of olive oil at Marseille with the volume of the annual 
exports from Sfax furnishes no evidence that the price is the chief factor in determining 
the quantity exported each year. It is also uncertain to what extent the coming into 
bearing of the recently planted orchards may affect the figures, although presumably the 
addition thus made to the total production has been a gradual one and not likely to cause 
marked fluctuations. In the main, therefore, it is believed that the above figures are 
fairly representative of the annual crop. To arrive at the total annual production of oil 
by the Sfax orchards we must add to the figures in the column showing quantity pro- 
duced, 531,700 gallons, representing the average amount that is consumed locally or 
shipped overland to other parts of northern Africa. This is said to vary little from year 
to year.: 


Although the records do not cover a sufficiently long period to 
establish a definite relation, it would appear that there is some con- 
nection between the size of the crop and the amount of rainfall of the 
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Fic. 10.—Chart showing the rainfall in inches (dotted line) and the production of olive 
oil (solid line) at Sfax from 1895 to 1905, the oil production being expressed in num- 
ber of gallons exported during each following year. 


preceding year or years, but not that of the spring preceding the 
ripening of the crop. Thus, the comparatively heavy rainfall (3.6 
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inches above the normal) in 1897 doubtless had something to do with 
the large crop of 1898, although the total rainfall of the first five 
months of the latter year was less than half of the normal. Again 
in 1901, when the crop was less than half the average of nine years, 
the rainfall for the first five months was not greatly below the 
normal, but that of the year previous was less than half the normal, 
and during the three years previous the annual rainfall was only a 
httle more than half the normal. It is noteworthy that in 1900, 
after two years of rainfall much below the normal, the crop was 
about an average one. This was probably due to the heavy rainfall 
of November, 1899, which was more than three times the normal 
for that month, while the precipitation during the first five months 
of the year in which the crop was made was less than 40 per cent 
of the normal.* 

That successful olive culture without irrigation is possible with 
even a smaller rainfall than the normal for Sfax is indicated by the 
fact that the oil production of 1903 was only a little below, and 
that of 1904 was slightly above, the average, although. following 
periods of five and six years, respectively, during which the total 
annual rainfall was only about 60 per cent of the normal.? 


LABOR. 


While some of the French owners of olive orchards near Sfax 
manage their own plantations directly or through foremen, the 
majority have found it more convenient, and until very recently 
more economical, to follow the practice of the native proprietors 
and enter into contracts with tenants, or “ m’rharcis.” The latter 
are natives more or less skilled in olive culture who undertake the 
planting and care of the trees. It was formerly customary to ter- 
minate the agreement between the proprietor and the m’rharci when 
all gaps in the orchard had been filled by replanting, all Bermuda 
grass had been extirpated, and the trees were beginning to bear, 
which was generally accomplished eight years after the planting. 
It is now more usual to continue the agreement until the trees begin 


« After this bulletin was in type, a report was received that the total exports 
of olive oil from Sfax in 1906 (crop of 1905) amounted to 592,000 gallons, which 
was below the average for the preceding ten years. This is doubtless to be 
explained by the small rainfall of the years 1902 to 1904, which averaged only 
about 60 per cent of the normal. On the other hand, the total rainfall in 1905 
was 9.9 inches. 

‘This may have been partly due, however, to the rapid extension of the 
orchards during the past twenty years having begun to make itself felt through 
the increase in the number of bearing trees. It is to be regretted that no data 
are available which would throw light on the influence of this factor as com- 
pared with that of annual variations in the rainfall. 
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to bear sufficiently to pay the current expenses of the orchard, i. e., 
for about ten years. At the expiration of the contract the m’rharci 
receives in remuneration for his services one-half of the area planted. 
This arrangement has the advantage of retaining in the neighbor- 
hood a number of skilled laborers upon whom the proprietor can 
generally depend for the care of his part of the trees after the con- 
tract has terminated. 

The division of the trees between the proprietor and the m’rharci 
is made by drawing lots, under the supervision of the amins, who act 
as agricultural magistrates, and whose duty it is to settle disputes 
between employers and employees.” It is said that the amins, al- 
though themselves always natives, are generally fairly impartial in 
regulating differences between Europeans and their m’rharcis. The 
proprietor generally seeks to have the plantation divided in such a 
way that the holdings of his former tenants will be scattered among 
his own. Many of the m’rharcis prefer, however, to receive money 
for their share of the trees. 

At the beginning of the contract a sum amounting generally to 
30 or 40 cents for each tree is advanced by the proprietor, to be used 
by the m’rharci in purchasing the necessary animals, tools, etc. The 
loan, which bears no interest, is repaid when the agreement ends, 
usually in trees from the m’rharei’s share. The proprietor furnishes 
the land, while the m’rhareci contributes the truncheons that are 
planted, the tools and animals used, and all the labor required in 
clearing, planting, and cultivating. A single m’rharci generally 
plants and cares for from 150 to 300 trees, while if he has a family to 
aid him he can sometimes handle as many as 600. He requires one 
camel for plowing and cultivating every 25 acres. The entire product 
of the field crops grown in the orchard during the first few years is 
the property of the m’rharci, unless, as often happens, the proprietor 
furnishes one-third of the seed used, in which case he is entitled to 
from one-fourth to one-third of the crop. It is estimated ” that under 
this system it costs about $1.40 per tree to set out an olive orchard and 
rare for it until it is 10 years old. 

Until recent years, decidedly better results were obtained under the 
contract system above described than when the proprietor directly or 
through a European foreman undertook to establish an orchard; but 
the former method is becoming every year more expensive. Many 
of the best native growers now have trees of their own to care for 
and are no longer willing to bind themselves out as m’rharcis. The 
m’rharei no longer finds on the land to be planted an abundance of 
old trees from which truncheons can be obtained, and these must 


“See Bul. 92, Bureau of Plant Industry, p. 32. 
>Minangoin, N. L’Olivier en Tunisie, Tunis, 1901, pp. 59 and 68. 
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frequently be purchased for him by his employer. Furthermore, the 
m’rharci now expects his employer to advance him 40 cents Or more 
instead of 20 to 30 cents per tree at the beginning of the contract. 

But, notwithstanding the increasing expense, the contract system 
still has decided advantages. Europeans who have planted and cared 
for orchards by hiring laborers under their direct supervision rather 
than by contracting with a m’rharci have generally found their ex- 
penses heavier and the work—especially that of getting rid of weeds— 
less efficiently done. Besides, they lose the advantage of having 
around them, when their trees begin to bear, a number of their former 
m’rharcis, skilled and trustworthy men with whom they have been 
accustomed to deal and who are usually willing, for moderate wages, 
to continue the cultivation of their old employer’s orchard as well 
as of their own. 

Some of the large plantations belonging to nonresident Europeans 
are managed by a French agent or foreman under contract for a cer- 
tain period (generally ten years). He receives a small salary ($30 or 
$40 a month) and is entitled, at the expiration of his contract, to a 
certain percentage—usually one-eighth or one-tenth—of the land 
planted in olives. He in turn either hires laborers or else contracts 
with native tenants or m’rharcis for the planting and cultivation of 
the orchard. It is said that an orchard established under the super- 
vision of a competent foreman will yield sufficient fruit after eight 
years to pay all or most of the running expenses. 

The cultivation of the orchard after the m’rharci contract has ex- 
pired is carried on either by reengaging the m’rharci, in which case 
he receives one-third or one-half of the crop produced, or else by 
hiring day laborers. In the latter case it usually costs the owner 18 
cents per tree annually to have the cultivation and pruning done. 
If paid by the day, a laborer earns from 40 to 50 cents when engaged 
in cultivating or plowing. With a camel he can plow 24 acres in 
two or three days and can cultivate the same area with a “ maacha ” 
in one day. For pruning, which requires special skill, a man re- 
ceives about 60 cents a day. ‘The crop, as we have seen, is generally 
gathered under contract by the purchaser, the harvesters being 
usually paid with a share of the fruit. 


UTILIZATION OF THE RUN-OFF IN OLIVE CULTURE IN OTHER 
PARTS OF TUNIS. 


Olive orchards occupy large areas in northern Tunis, notably 
in the neighborhood of the capital itself and in the valley of the 
Mejerda, the principal river of Tunis. In this region the annual 
rainfall ¢ is sufficient for olive production without any special meas- 


«The average annual rainfall at the city of Tunis is 18.8 inches. 
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ures being taken to conserve the soil moisture. The olive is also an 
important tree in some of the oases of southern Tunis, where the 
scantiness of the rainfall “ is compensated for by the abundant supply 
of water from springs that is available for irrigation. 

But in one of the most important olive-producing regions in 
Tunis, i. e., that surrounding Susa” on the eastern coast, the normal 
annual rainfall of 16.6 inches, although greatly exceeding that at 
Sfax, is yet so small as to make it worth while to employ a special 
method for utilizing it to the fullest possible extent. This method 
is very different from that used at Sfax, and in its way is almost 
equally interesting. The country around Susa is very hilly, being 
divided by limestone ridges into small valleys and ravines. The 
bottoms of these valleys and the lower slopes, which are made suf- 
ficiently level for the purpose by a system of terracing, are occupied 
by small basins, separated one from another by low banks of earth. 
Each basin contains a few olive trees, usually only from two to eight. 
The stony upper slopes and summits of the ridges, which produce a 
scanty natural growth of shrubs and grasses, are not cultivated. At 
intervals along these slopes, or “ meskas.” as they are termed by the 
Arabs, are shallow trenches running obliquely toward the bottom. 
These are so arranged as to catch and conduct to the basins as much 
as possible of the rain water that falls upon the slope. The owner 
of each orchard has a recognized right to all water that falls upon 
the slopes adjacent to his property. The basins are said often to 
remain filled with water during the month of January. 

The heavier texture of the soil around Susa as compared with that 
at Sfax is favorable to this method of irrigation by rainfall. as it 
permits the water to flow from basin to basin, instead of being all 
quickly absorbed in the first one. It is generally observed in this 
region that olive orchards that are watered by the rain that falls on 
the “meskas” give larger and especially more regular yields than 
those receiving only direct rainfall. 

From the nature of the case, accurate alignment and widely dis- 
tant planting of the trees as practiced at Sfax are out of the question 
at Susa. The trees stand comparatively close together, so that there 
are often forty to the acre instead of only seven to ten, as at Sfax. 
Much less care is taken to cultivate the soil, and this also is more or 


«The normal annual rainfall in the oasis of Gafsa is 8.5 inches; in that of 
Gabes, 7.6 inches; in that of Tozer, 5.1 inches. In the oasis of El Oudiane, 9 
miles distant from Tozer (see Bulletin 92, Bureau of Plant Industry, p. 16), 
there are 25,000 olive trees, with an average yearly production of 132,000 gallons 
of oil. 

> Susa, better known by its French name of Sousse, is about 70 miles south- 
east of Tunis and about an equal distance north of Sfax. 
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less inevitable from the nature of the ground; but there seems to be 
no good excuse for the small attention that is paid at Susa to prun- 
ing, as compared with the thoroughly scientific way in which this 
operation is performed in the Sfax orchards. 

Many of the trees have several trunks, which is explained by the 
natives as having been due to a violent storm, which a century ago 
laid low most of the olive trees around Susa, after which event 
several shoots at the base of each tree were allowed to spring up.¢ 
The greater part of the olive trees around Susa are of great age, 
often 100 or 150 years old, it is said. But when well cared for with 
respect to cultivation of the soil, pruning, and manuring, even these 
old trees are reported to give good returns, netting the owners in 
some years as much as 95 cents to the tree, or $38 per acre.” 


SUMMARY. 


(1) Arboriculture is an important phase of dry-land agriculture 
and one that has as yet received little attention in the United States. 

(2) The olive, owing to its peculiar leaf structure and to the char- 
acter of its root system, is especially fitted for growing in regions 
where the rainfall is shght and irrigation is impossible. 

(3) Fifteen hundred years ago the olive was grown without irriga- 
tion under a rainfall of from 8 to 14 inches over an extensive region 
in northern Africa, the prosperity of which in Roman times depended 
chiefly upon its production of olive oil. A vast region that is now 
practically an uninhabited desert was then covered with olive orchards 
and with flourishing cities and towns. 

(4) During the last hundred years much progress has been made 
in reestablishing dry-land olive culture in southern Tunis. There 
are now nearly 500,000 acres of unirrigated olive orchards in the 
neighborhood of Sfax. 

(5) As would be expected from its nearness to the Sahara, the cli- 
mate of Sfax is almost desert-like. The summers are very hot and 
the average annual rainfall is only 9.3 inches, sometimes falling below 
an average of 6 inches for seven consecutive years. As in California, 
the summer is the dry season and the winter the wet season. 

(6) The ground water hes too deep to be reached by the roots of 
the trees. No water is available for irrigation. 

(7) The soil of the Sfax region that is considered best adapted to 
olive culture is a red loam or fine sandy loam that is fairly uniform 
in texture to an average depth of seven feet. It is very retentive of 
moisture, rich in lime and potash, but apparently deficient in nitro- 
gen and phosphoric acid. 


@Minangoin, N. L’Olivier en Tunisie, Tunis, 1901, p. 32. 
bMinangoin, N., 1. ¢. p. 54. 
125 


SUMMARY. 39 


(8) Only one variety of olive, the Chemlaly, a small-fruited oil- 
producing variety, is extensively grown in the Sfax region. It is a 
very productive variety and its fruits yield an unusually high per- 
centage of oil. ; 

(9) Wide planting and thorough cultivation are the most impor- 
tant principles of olive culture at Sfax. The trees are planted 65 to 
80 feet apart in each direction, giving space for only seven to ten 
trees to the acre. 

(10) The olive is propagated at Sfax by means of large truncheons 
or pieces of old wood, each containing several buds. These are set 
to a depth of about a foot in holes, which become gradually filled as 
the young trees grow up. During the first summer or two, two or 
three waterings by hand are usually given. All shoots but the best 
one are trimmed away within three years after setting out the 
truncheon. 

(11) A good dust mulch is always maintained on the surface of 
the orchard, and weeds, of which Bermuda grass is the most trouble- 
some, are kept down by frequent cultivation. As a rule, the soil is 
stirred by a shallow plowing three times a year. The most impor- 
tant plowing is the one that immediately follows the harvest. After 
the trees begin to bear, no other crop is allowed to grow among them. 

(12) Great care is taken in the matter of pruning, the trees being 
given a broad, symmetrical top. The interior branches are thinned 
out so that plenty of light and air can reach all the fruit-bearing 
twigs. The comparatively sterile, rapidly growing, erect branches 
are removed. Skillful pruning is an important factor in the large 
yields obtained. 

(13) The harvesting is done by hand, more than usual care being 
taken to avoid bruising the fruit or breaking the branches. 

(14) After eight or ten years the trees generally yield enough 
fruit to pay the current expenses of the orchard, and when about 25 
years old they are in full bearing. The average yield per tree is then 
about 24 gallons of fruit, which gives 6 gallons of oil. 

(15) There is apparently a relation between the yield of the olive 
and the rainfall of the previous year, but none between the yield and 
the rainfall of the year in which the crop is made. 

(16) In another part of Tunis, where the rainfall is about 16.5 
inches and the country more hilly than around Sfax, the rain that 
falls on the slopes is collected in trenches and conducted into small 
basins in which the trees are planted. 
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Piate I. Frontispiece. Harvesting Chemlaly olives in a dry-land orchard at 
Sfax in southern Tunis. Since the quality of the oil is impaired if the 
fruit becomes bruised, the use of a pole is avoided and the picker uses a 
ladder to reach the fruit-bearing twigs. DPruning is managed so that every 
part of the tree can be reached in this way. The native pickers protect 
their fingers with the tips of rams’ horns and can thus strip the fruit off 
the twigs without injuring their Lands. The olives are collected in the 
large baskets shown in the illustration and are transported by camels to 
the factory. The plate also shows the clean cultivation of the orchards, 
the dust mulch maintained on the surface, and the care with which pruning 
is done. 

PuLate Il. General view of the older dry-land olive orchards near Sfax, showing 
the wide planting and clean cultivation practiced and the uniform shape 
given the trees by careful pruning. The leafless trees in the foreground 
are figs, these and other fruit trees being occasionally planted in the olive 
orchards that belong to natives. (Irom a photograph furnished by the 
Direction des Antiquités et Beaux Arts at Tunis.) ; 

Puate ILI. A fruit-bearing twig of the Chemlaly olive, natural size, from a pho- 
tograph by M. Minangoin. The fruits of this variety are small but numer- 
ous and are very rich in oil. They are jet black when ripe. 

Prate IV, Fig. 1.—Recently planted dry-land olive orchards about twenty miles 
from Sfax. The view shows the careful alignment and wide spacing of the 
trees, which are 8O feet apart each way and number only 7 to the acre. 
Most of the trees shown are from ten to twelve years old. The hillside 
in the immediate foreground and that in the left background are unfit for 
planting to olives because of the absence of soil, a calcareous rock coming 
to the surface at these points. Fig. 2.—The interior of an older olive 
orchard at Sfax, showing the entire absence of weeds, the great distance 
between the trees, and the well-rounded symmetrical form of the trees 
due to scientific pruning. These trees are about thirty years old and are 
in full bearing. 
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GENERAL VIEW OF THE OLDER DRyY-LAND OLIVE ORCHARDS NEAR SFAX. 
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A FRUIT-BEARING TWIG OF THE CHEMLALY OLIVE. 


Natural size.) 
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Fic. 1.—RECENTLY PLANTED DrRyY-LAND OLIVE ORCHARDS NEAR SFAX, SHOWING THE 
CAREFUL ALIGNMENT AND WIDE SPACING OF THE TREES. 


Fia. 2.—THE INTERIOR OF A SFAX OLIVE ORCHARD, SHOWING WIDE PLANTING, CLEAN 
CULTIVATION, AND CAREFUL PRUNING. 
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NOMENCLATURE OF THE PEAR; 


A CATALOGUE-INDEX OF THE KNOWN VARIETIES REFERRED 
TO IN AMERICAN PUBLICATIONS FROM 1804 TO 1907. 


INTRODUCTION. 


This bulletin is the second (following the already published ‘‘ Nomen- 
clature of the Apple”) in a contemplated series in which it is hoped 
that the names of all the cultivated fruits will ultimately be published 
and disseminated for the information of those who are interested in 
the correct nomenclature of varieties. 

In the series to which this belongs no effort is being made to include 
varieties and descriptions from foreign authors. Foreign writers 
(other than those of our near-by neighbors of the Canadian Provinces, 
who are always treated as our own) have published the names of many 
varieties that are not included in this compilation. It is true, how- 
ever, that an occasional reference is made to foreign authors as having 
published names of varieties or as giving descriptions referred to in 
the following tables in the column devoted to remarks and presented 
as historical facts. It will therefore be understood that this is purely 
an American work and that what is to be found in its pages is but the 
reflex of the literature of the pear as it occurs in publications of 
American authors and writers. 

Many American writers on the names of fruits have acknowledged 
in varying language and with more or less emphasis that our nomen- 
clature is in a deplorable state of confusion, and each has regretted his 
inability to accomplish more than a small part of the great task of 
correcting and simplifying it. This confusion is the result of a combi- 
nation of causes, of which the greatest has been the enormous expense 
of such an undertaking and the little promise of pecuniary reward. 

Robert Manning, late of Salem, Mass., who established in 1823 the 
first extensive collection of varieties of fruits, carefully selected and 
named, in this country and who realized to the fullest extent the 
importance of correct nomenclature, said in the introduction to his 
‘Book of Fruits,’”’ published in 1838: 

The innumerable errors in the names of fruits are inconceivable to any but a collector. 


It is very desirable that there should be some acknowledged standard, to whose 
authority in doubtful cases of this nature we might appeal. 
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Col. Marshall P. Wilder, the long-time president of the American 
Pomological Society, subsequently said, under the head of ‘‘ Improved 
Nomenclature” : 

In the future, we desire to use but one word for the name of'a fruit, as with the Bald- 
win apple, the Bartlett pear, the Concord grape, and other renowned fruits, which 
will be perpetually known by appropriate and easily remembered names. In a 
word, we desire to establish a system of nomenclature which shall be pure and plain 
in its diction, pertinent and proper in its application, and an example not only to 
our own but to other countries; to strike off the hundreds of Beurres and Doyennes 
from the names of our pears where it is possible to do so, and to write hereafter Anjou, 
Diel, and Boussock in the place of Beurre d’Anjou, Beurre Diel, Doyenne Bous- 
sock, etc. . 

The necessity for such an improved system of nomenclature has 
grown with the multiplication of varieties and the increasing impor- 
tance of our fruit industries. In the hope of supplying this 
‘‘improved system of nomenclature” the Bureau of Plant Industry 
of the United States Department of Agriculture, in cooperation with 
the American Pomological Society, is now laboring to facilitate the 
reform so earnestly desired by Mr. Manning and Colonel Wilder, and 
by all true pomologists of subsequent time. 

Among our standard fruits the pear in many of its characteristics 
ranks next in importance to the apple, and is therefore made the 
subject of this publication. In collecting data for its foundation 
no pains have been spared to make it as complete and as reliable as 
possible. A careful and painstaking search of the American litera- 
ture of the pear, extending back to and including the publication 
of the Domestic Encyclopedia in 1804, enables us to present a fairly 
complete synonymy of its nomenclature, embracing both leading 
names and their synonyms. These have been arranged in alpha- 
betic order and with special reference to ease and facility in deter- 
mining any and all questions which may arise in connection with the 
nomenclature of the pear. 

As in the preparation of the apple bulletin, the code of nomenclature 
of the American Pomological Society has been followed in the naming 
of varieties. This code, as already indicated in the quotation from 
Colonel Wilder and in common with the tendency of the times, inclines 
toward ease and simplicity in varietal nomenclature, and when ap- 
plied to the pear has led to many changes, which will be clearly appar- 
ent to the student of pomology. A large percentage of our cultivated 
pears originated in foreign countries and have come to us with names 
which are generally long and difficult of pronunciation, especially by the 
uneducated tongue, and abound in superfluous prefixes, suffixes, and 
meaningless verbiage. The rules cited authorize their simplification, 
and this authority has been freely availed of in the preparation of this 
bulletin, though in all cases in which changes have been made the 
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original name appears in its proper place as a synonym, so that the 
student will have no difficulty in tracing the name to its source and 
also in determining by means of citations the authority for making the 
change. 

It is not claimed that all names that appear in this catalogue as 
leading names represent distinct varieties, as it has often been impossi- 
ble to determine from the meager information obtainable that such is 
the case. All names that have been found in an exhaustive search of 
the literature of the pear, conducted as preliminary to the completion 
of this work, are included in its pages. Concerning some of these no 
reliable information has been found, and of course they are only given 
as names that have been published (the citations always tell where) 
for what have been claimed to be distinct varieties. Many of these 
will probably prove to be worthless seedlings or old and already 
named sorts, along with which they must ultimately take their place 
as synonyms. 

Some instances will be found in which one name has long been ap- 
plied to two or more distinct varieties which it may not now be advis- 
able to change. In almost all such cases a “‘distinguishing term”’ is 
used to designate the one from the other, as in ‘“‘Jargonelle (Eng.),”’ 
“‘Jargonelle (Fr.),’’ ‘Bon Chretien (Sum.),”’ ‘‘Bon Chretien (Win.),”’ 
etc. (See Rule 1 of the Code.) Leading names are printed in black- 
faced type and synonyms in italics. 

In order that the Code of Nomenclature may be fully understood 
and appreciated, its complete text is herewith presented: 


CODE OF NOMENCLATURE OF THE AMERICAN POMOLOGICAL 
SOCIETY. 


(Adopted at Boston, September 10, 1903.) 
PRIORITY. 


Rute 1. No two varieties of the same kind of fruit shall bear the 
same name. The name first published for a variety shall be the 
accepted and recognized name, except in cases where it has been 
applied in violation of this code. 


A. The term “kind” as herein used shall be understood to apply to those general 
classes of fruits which are grouped together in common usage without regard to their 
exact botanical relationship, as apple, cherry, grape, peach, plum, raspberry, etc. 

B. The paramount right of the originator, discoverer, or introducer of a new variety 
to name it, within the limitations of this code, is recognized and emphasized. 

C. Where a variety name through long usage has become thoroughly established 
in American pomological literature for two or more varieties, it should not be dis- 
placed nor radically modified for either sort, except in cases where a well-known 
Synonym can be advanced to the position of leading name. The several varieties 
bearing identical names should be distinguished by adding the name of the author 
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who first described each sort, or by adding some other suitable distinguishing term 
which will insure their identity in catalogues or discussions. 

D. Existing American names of varieties which conflict with earlier published 
foreign names of the same or other varieties, but which have become thoroughly 
established through long usage, shall not be displaced. 


FORM OF NAMES. 


Rute 2. The name of a variety of fruit shall consist of a single 
word. 


A. No variety should be named unless distinctly superior to existing varieties in 
some important characteristic, nor until it has been determined to perpetuate it by 
bud propagation. 

B. In selecting names for varieties the following points should be emphasized: 
Distinctiveness, simplicity, ease of pronunciation and spelling, indication of origin 
or parentage. 

©. The spelling and pronunciation of a varietal name derived from a personal or 
geographical name should be governed by the rules which control the spelling and 
pronunciation of the name from which it was derived. 

D. A variety imported from a foreign country should retain its foreign name, sub- 
ject only to such modification as is necessary to conform it to this code or to render it 
intelligible in English. 

E. The name of a person should not be applied to a variety during his life without 
his express consent. The name of a deceased horticulturist should not be so applied 
except through formal action by some competent horticultural body, preferably that 
with which he was most closely connected. 

F. The use of such general terms as seedling, hybrid, pippin, pearmain, beurre, 
rare-ripe, damson, etc., is not admissible. 

G. The use of a possessive noun as a name is not admissible. 

H. The use of a number, either singly or attached to a word, should be considered 
only as a temporary expedient while the variety is undergoing preliminary test. 

I. In applying the various provisions of this rule to an existing varietal name 
which has through long usage become firmly embedded in American pomological 
literature, no change shall be made which will involve loss of identity. 


Rute 3. In the full and formal citation of a variety name, the name 
of the author who first published it shall be given. 


PUBLICATION. 


Rute 4. Publication consists (1) in the distribution of a printed 
description of the variety named, giving the distinguishing characters 
of fruit, tree, etc., or (2) in the publication of a new name for a variety 
which is properly described elsewhere; such publications to be made 
in any book, bulletin, report, trade catalogue or periodical, providing 
the issue bears the date of its publication and is generally distributed 
among nurserymen, fruit growers, and horticulturists; or (3) in cer- 
tain cases the general recognition of a name for a propagated variety 
in a community for a number of years shall constitute publication of 
that name. 


\ 
A. In determining the name of a variety to which two or more names have been 
given in the same publication, that which stands first shall have precedence. 
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Rue 5. No properly published variety name shall be changed for 
any reason except conflict with this code, nor shall another variety be 
substituted for that originally described thereunder. 


ARRANGEMENT OF THE CATALOGUE-INDEX. 


All names and synonyms of varieties are arranged alphabetically 
and each name or synonym is immediately followed by citations of 
American authors or publications in abbreviated form that have 
used the same, and, as far as possible, these citations appear in the 
chronological order of their publication; viz, the first American pub- 
lisher of the name or synonym, as the case may be, appears first in 
its order of citation, and so on to the end. Different editions by a 
given author and serial publications are indicated by the number of 
the volume, the date of the copyright, or the year of the publication. 
In the case of standard publications, the date of the copyright, when 
ascertainable, has always been given the preference. 

Immediately following these citations and in the case of leading 
names will be found all known synonyms, and after a synonym 
its true name. Thus, ‘‘Sickel. D’45,415,’57,443,'69,852. 1’75,555, 
’85,570,'97,714. Syn. of Seckel”” means that Downing and Thomas 
in their several editions and on the pages cited have published 
“Sickel” as a synonym of ‘‘Seckel.’”” Through this order of publi- 
cation and citations the reader will be enabled to find the variety and 
what may be said of it in any publication in which it has appeared 
and which has been discovered in our search for names, and thus 
this bulletin will prove to be a fairly complete index to the American 
literature of the pear. 

Following the publication of varieties and their citations will be 
found a tabular and abbreviated form of descriptions that will aid 
greatly in conveying a correct understanding as to their leading char- 
acteristics, including origin, time of ripening, etc., together with a 
column for remarks in which many additional facts are briefly 
presented. 


ABBREVIATIONS USED IN DESCRIPTIONS OF VARIETIES. 


The following abbreviations are used in the descriptions of 
varieties: 

Origin: Amer., America; Eur., Europe; Eng., England; For., Foreign; Fr., 
France; Mass., Massachusetts; N. Y., New York, etc. 

Form: a, acute; f, flat; obl, oblong; obo, obovate; obt, obtuse; ov, ovate; p, pyri- 
form; r, round; t, truncate. 

Size: 1, large; m, medium; s, small; vl, very large; vs, very small. 
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Color: b, blushed; br, brown; c, cinnamon; g, green; r, red; ru, russet; s, striped; 
w, white; y, yellow. 

Texture: b, buttery; c, crisp; co, coarse; d, delicate; g, gritty; j, juicy; m, melting; 
t, tough. 

Flavor: a, acid; sa, subacid; p, perfumed; s, sweet; spr, sprightly; v, vinous. 

Quality: b, best; g, good; m, medium; p, poor; vg, very good. 

Season: e, early; m, medium; 1, late; ve, very early; vl, very late. 


ABBREVIATIONS USED IN CITATIONS OF AUTHORS AND PUBLICATIONS. 


In this catalogue many publications are referred to in abbreviated 
form. These abbreviations will need to be well understood in order 
to obtain the best results from the study of its pages. Several classes 
of publications are referred to. Standard works are usually indi- 
cated by a single initial, as ‘‘D” for ‘‘Downing’s Fruits and Fruit 
Trees of America,’ and wherever a ‘‘D” is found in connection with 
the date of the edition and number of the page it means that Down- 
ing’s reference to the variety specified may be found in the edition 
referred to and on the page mentioned. ‘Trade catalogues, agricul- 
tural experiment station bulletins, reports of societies, and period- 
ical and other publications are referred to in a similar manner, each 
being fully explained in the following list: 


ALPHABETIC LIST OF ABBREVIATIONS USED IN DESIGNATING THE PUBLICATIONS QUOTED. 


AN Sree Proceedings of the American Pomological Society, 1852 to 1905, in- 
clusive. 

TACO Wea eer A. Clark Tuttle, catalogue. 

MD) So ee. A. D. Barnes, catalogue. 

ADF&S....- Mrs. A. D. Freeman & Sons, catalogue. 

Ne ite aa Ke Reports of the United States Department of Agriculture, 1847 to 


1893, inclusive. 
AHCC&C... A. H. C. Chadbourne & Co., catalogue. 


ATG Soot A. H. Griesa, catalogue. 

386 th!) eee American Horticultural Manual, Part 2, 1903, by Budd and Hansen. 

AUETOrt Aes =. American Horticultural Annual, 1868 to 1871, inclusive. 

OR ces Arthur J. Collins, catalogue. 

AJOL. oo American Journal of Horticulture, monthly, volumes 1 (1867) to 9 
(1871), inclusive. 

ANB eee Bulletins of the Alabama Experiment Station, Nos. 30, 98, 106, 112 
and 117. 

AlaNCo..... Alabama Nursery Company, catalogue. 

ZAI Veal & Iepeeeeeu Alexander & Hammond, catalogue. 

AIA eee ee American Agriculturist, weekly. 

AMassH..... Addresses of Massachusetts Horicultural Society. 

A MIB 2 aeehee Amherst (Massachusetts) Agricultural Experiment Station bulletins. 

Am Be, . American Farmer, monthly, 1820 to 1881. 

AmGar.....- American Gardening, 1883 to 1902. 

And Neseeee- Andorra Nurseries, catalogue, 1895. 

AN&OCo.... Albaugh Nursery and Orchard Co., catalogue, 1894. 

AGE aan Annals of Horticulture in North America, 1889 to 1893, inclusive. 

AP ceecetsc A. Pullen, catalogue. 
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MPG) as od nak Report of the American Pomological Congress, vol. 1, 1850. 

ArizB.. i525. Bulletin No. 15 of the Arizona Agricultural Experiment Station. 

yc) 43 Transactions of the Arkansas State Horticultural Society. 

JUN 5 ois 5 A. R. Whitney, catalogue, 1887. 

Asana 3.4213 Special Report of the American Pomological Society, 1904-5. 

AQ Se... Albertson & Hobbs, catalogue. 

| eee ere Barry’s Fruit Garden, editions of 1851 and 1885, by Patrick Barry. 

1318 O0yieemode Brown Bros. Co., catalogue, 1892. 

BBE ka 2 Benjamin Buckman’s List of Fruits in Trial Orchard. 

1 eee The Culture of the Peach and Pear, edition of 1886, by John J. 
Black, M. D. 

B(PhN....- Bloomington (Phoenix) Nursery, catalogue. 

Bh ees 2% Bulletins Nos. 6 and 8 of the Division of Pomology, U. S. De- 
partment of Agriculture, 1897 and 1899. 

Grarsdias, i: A View of the Cultivation of Fruit Trees, edition of 1817, by William 

. Coxe. 
OAGseu.2 55. Charles A. Green, catalogue. 
Cee Bulletin No. 147 of the California Agricultural Experiment Station. 


CalSBofH... Reports of the California State Board of Horticulture, 1889 to 1902, 
except 1890 and 1899-1900. 
CanExFr.... Reports of Canada Experimental Farms, 1894 to 1905, inclusive. 


Can. =. ..2: Canadian Horticulturist, monthly, 1878 to 1905, inclusive. 

(O13 ee eee Bulletins of the Cornell (N. Y.) Agricultural Experiment Station. 

GBCore. 4.2 Chase Brothers Co., catalogue, 1895. 

CEXxFB...... Bulletins of the Central Experimental Farm, Canada. 

CExFR..... Reports of the Central Experimental Farm, Canada, 1894 to 1905, 
except 1897. 

€Gens.... -- Country Gentleman, vols. 2 to 26, inclusive. 

OnNG 2... Cherokee Nursery, catalogue, 1893. 

GCEWeS .....- Charles L. Watrous, catalogue, 1897. 

GING=s . 22h): California Nursery Co., catalogue, 1893 to 1895. 


C(O) HS. 2. -. Reports of Columbus (Ohio) Horticultural Society, 1886 to 1904, ex- 
cept 1890 and 1895. E 


Galen... The American Fruit Book, edition of 1849, by S. W. Cole. 

MOTH, 42. 82. Transactions of the Colorado State Horticultural Society, 1882 to 
1905, with a few omissions. 

Cine... ...- Transactions of the Connecticut Pomological Society, 1891 to 1903, 
inclusive. 

Cult or03F The Cultivator, 1834 to 1865, when the Cultivator was merged into 
the Country Gentleman. 

Dee sPRL es The Fruits and Fruit-Trees of America, editions of 1845, 1857, and 
1869, by A. J. and Charles Downing. 

Ds i oe Appendixes 1, 2,and3 to The Fruitsand Fruit-Trees of America, 1872, 
1876, and 1881, by Charles Downing. 

DomEnc.... Domestic Encyclopedia, first American edition, 1804, article on 
fruits, by Dr. James Mease. 

1 One - Re hs ae Elhott’s Fruit Book, or, the American Fruit Grower’s Guide, editions 
of 1854 and 1859, by F. R. Elliott. 

EFABC..... Catalogue of Fruit Trees on Trial at the Experimental Farm, Agassiz, 
B. C., Canada, 1900. 

13) Se E. W. Kirkpatrick, catalogue, 1894, 1901. 

BY Dee eee E. Y. Teas, catalogue, 1872, 1874. 

ABs 2. 42/4 Ellwanger & Barry, catalogue, 1890, 1894, 1895, 1901, 1902. 
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Pear Culture, edition of 1858, by Thomas W. Field. 
Franklin Davis Nursery Company, catalogue. 

Fred E. Young, catalogue. 

Frank Ford & Son, catalogue. 


. Reports of the Fruit Growers’ Association of Ontario, Canada, 1882 


to 1905, inclusive. 

Fruits of Ontario, edition of 1898, by Linus Woolverton. 

Frank 8. Phoenix, catalogue. 

Farmer and Gardener, 1843 (copied by Transactions of the Indiana 
Horticultural Society, 1882, p. 128). 

The Northern Fruit Culturist, edition of 1849, by Chauncey Good- 
rich. 

Proceedings of Georgia State Horticultural Society, 1876 to 1904, 
with a few omissions. 

The American Gardener’s Calendar, by Bernard M’Mahon, 1806, 

Gardeners’ Monthly, 1859 to date, with omissions. 

Nomenclature of our Russian Fruits, edition of 1887, by Charles Gibb. 

Greening Brothers, catalogue. 

G. B. Brackett, catalogues, 1853, 1868, 1871. 

George C. Roeding, catalogue. 

The Genesee Farmer, 1832, 1833, 1834, 1837, 1838, 1839, 1840, 1841, 
and occasional numbers later. 


. George H. Miller & Son, catalogue. 


Hooper’s Western Fruit Book, edition of 1857, by E. J. Hooper. 

Harcourt’s Florida Fruits, edition of 1886, by Helen Harcourt. 

Horticultural Art Journal, monthly, 1886, 1887, 1888, 1889, 1890. 

Hand Book for Fruit Growers, editions of 1876 and 1903, by 
F. R. Elliott. 

Hoopes Brothers and Thomas, catalogue. 


. H. E. Hooker & Bro., catalogue, 1873. 


History of the Massachusetts Horticultural Society, edition of 
1880, by Robert Manning. 

Hoffy’s North American Pomologist, 1860, edited by William D. 
Brinckle, M. D. 

The Horticulturist, monthly, 1846 to 1875, inclusive. 

The Fruits of America, in two volumes, edition of 1851, by 
Charles M. Hovey. 

Huntsville Nursery Company, catalogue. 

Bulletins of the Iowa Agricultural Experiment Station, Nos. 3 
and 31. 

Transactions of the Iowa State Horticultural Society, 1867 to 1905, 
except 1868 and 1870. 

I. E. Ilgenfritz & Sons, catalogues, 1899, 1901, 1902. 

Transactions of the Illinois State Horticultural Society, 1860 to 
1905, inclusive. 

Indiana Farmer, monthly, 1840. 

Transactions of the Indiana Horticultural Society, 1861 to 1905, 
inclusive. 

John Bidwell, catalogue, 1893. 

J. B. Wild & Bro., catalogue, 1892. 

John §S. Collins & Son, catalogue. * 

John 8S. Kerr, catalogues, 1891, 1901. 

John Van. Lindley, catalogues, 1893, 1895, 1896, 1899, and 1902. 
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MichHort. .. 


MichSB..... 


MinnH...... 


The New American Orchardist, editions of 1832 and 1841, by 
William Kenrick. 

Transactions of the Kansas State Horticultural Society, 1874 to 
1905, except 1876. 

Kansas Fruit Manual, edition of 1886, by the State Horticultural 
Society. 

Name modified by Mr. T. T. Lyon as chairman of a committee of the 
American Pomological Society. 

Louisiana State Experimental Station, Bulletin No. 22. 

The Book of Fruits, edition of 1838, by Robert Manning, revised and 
republished as the New England Fruit Book, by John M. Ives, in 
1844 and again in 1847. 

The Magazine of Horticulture, monthly, 1835 to 1860, inclusive. 

Transactions of the Massachusetts Horticultural Society, 1837 to 
1905, with a few omissions. 

Transactions of the Maryland State Horticultural Society, 1898 to 
1905, inclusive. 

Transactions of the Maine State Pomological Society, 1873 to 1905, 
inclusive. 

Transactions of Montreal (Canada) Horticultural Society, 1876 to 1888, 
inclusive. 

Bulletins of the Michigan Agricultural Experiment Station, Nos. 31, 
104, 105, 177, 187, 194, 205. 

Transactions of the Michigan State Horticultural Society, 1870 to 
1903, inclusive. 

Michigan Horticulturist, monthly, January to December, 1886, 
inclusive. 

Special Bulletins of the Michigan Agricultural Experiment Station, 
Nos. 27, 30, and 35. 

Transactions of the Minnesota State Horticultural Society, 1874 to 
1904, inclusive. 

Transactions of the Missouri State Horticultural Society, 1859 to 
1904, except 1874, 1875, 1876, 1877, and 1878. 

Transactions of the Mississippi Valley (later the American) Horti- 

cultural Society, 1883 to 1888, inclusive. 

Northwestern Pomology, edition of 1894, by C. W. Gurney. 

Transactions of the North American Pomological Convention, 1849. 

Transactions of the Nebraska State Horticultural Society, 1885 to 
1905, inclusive. 

Transactions of the New Jersey Horticultural Society, 1876 to 1906, 
inclusive. 

Transactions of the Nova Scotia Fruit Growers’ Association. 

N. W. Craft, catalogue. 

Transactions of the North Western Fruit Growers’ Association, 1851, 
1852, 1855. 

New York Agricultural Experiment Station Circular, 1890. 

Transactions of the Ohio State Horticultural Society, 1863 to 1904, 
except 1868, 1873, and 1899. 

Transactions of the Fruit Growers’ Association of Ontario, Canada, 
1869 to 1905, except 1880 and 1881. 

Biennial Reports of the Oregon State Board of Horticulture, 1891 
to 1903, inclusive. 

Reports of the United States Pomologist, 1887 to 1895, inclusive. 
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Reports of the Pennsylvania Fruit Growers’ Society, 1867 to 1876, 
inclusive. 

Prairie Farmer. 

Transactions of the Peninsula Horticultural Society, 1888 to 1906, 
inclusive. 

P. J. Berckmans Co., catalogues, 1901, 1903, 1906. 

Pioneer Nursery Company, catalogue. 

The Pomological Manual, edition of 1831, by William R. Prince. 

Pear Culture for Profit, editions of 1869 and 1883, by P. T. Quinn. 

Name modified by W. H. Ragan as chairman of a committee of 
the American Pomological Society. 

Rakestraw & Pyle, catalogue. 

Fruit Culture, edition of 1885, by William C. Strong. 

Stark Brothers, catalogue, 1901. 

Special Report of the American Pomological Society, 1904-5. 

South Haven, Michigan, Experiment Station, list of Mr. T. T. Lyon. 

Silas Wharton’s catalogue, as republished in Transactions of the 
Indiana Horticultural Society for 1872, 108. 

Storrs & Harrison, catalogue. 

The American Fruit Culturist, editions of 1875, 1885, and 1897, by 
J. J. Thomas. 

The American Orchardist, edition of 1822, by James Thacher, M. D. 

T. V. Munson & Son, catalogues, 1889, 1891, 1892, 1893, 1894, 1896, 
1899, 1900, 1902, 1903, and 1904. 

Transactions of the Virginia State Horticultural Society, 1898 to 
1904, inclusive. 

Biennial Reports of the Washington State Board of Horticulture, 
1891-2, 1893-4, 1895-6. 

The Fruit Growers’ Hand Book, edition of 1851, by W. G. Waring. 

Western Horticultural Review, monthly, vols. 1 (1850-1), 2 (1851-2), 
3 (1852-3), and 4 (1854). 

Transactions of the Wisconsin State Horticultural Society, 1870 to 
1905, inclusive. 


. Wisconsin Horticulturist, monthly, March, 1897, to February, 1903, 


inclusive. 

William Parry, catalogue. 

The California Fruits and How to Grow Them, Ist, 2d, and 3d 
editions, by Prof. E. J. Wickson. 

Transactions of Western New York Horticultural Society, 1876 to 
1905, except 1877, 1878, 1884, and 1885. 

A Short Treatise on Horticulture, edition of 1828, by William 
Prince. 


.. William 8. Little & Co., catalogue. 
. William & T. Smith Co., catalogue. 


Yearbook of the United States Department of Agriculture, 1894 
to 1905, inclusive. 
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INDEX TO THE AMERICAN LITERATURE OF THE PEAR, 1804 TO 
: 1907. 


AMERICAN GARDENER’S CALENDAR (THE). Bernard M’Mahon, editor. 1806. 

AMERICAN HorTICULTURAL ANNUAL. 1867 to 1871. Five volumes. 

AmerRiIcaAN HorticutturAL Manuat. Part2. Budd & Hansen. 1903. 

AMERICAN JoURNAL OF HorticuLTuRE. Volumes 1 to 9. Monthly. 1866 to 1869. 

AmeErRIcAN PomoLocicaL CoNGREsS. One volume. 1850. 

AMERICAN PomoLocicaL Sociery. Biennial Proceedings. 1852 to date. 

AmeERIcAN Pomo.tocicat Socrety. Special Report for 1904-5. 

Anporra Nurseries. Catalogue. 

ANNALS OF HorTICULTURE IN NortH America. 1889 to 1893. 

ARKANSAS State Horticutturat Society. Transactions. 

Barry, Patrick. The Fruit Garden. Editions of 1851 and 1883. 

BerckMans, P.J.,& Co. Catalogue. 

Bmwwet., JoHn. Catalogue. 

Brack, Dr. J.J. The Cultivation of the Peach and Pear. 1886. 

Brown Broruers & Co. Catalogue. 

Buckman, Bens. Fruitsin Trial Orchard. 

CaLirForNIA Nursery Company. Catalogue. 

CauirorniA State Boarp or Horticutture. Reports. 

CANADIAN EXPERIMENTAL Farm. . Agassiz, British Columbia. Fruits in the Trial 
Orchard. 1900. 

CANADIAN EXPERIMENTAL Farm Reports. Ottawa, Canada. 

CanapiaAN Horticuttrurist. Monthly. 1878 to 1905. 

CENTRAL EXPERIMENTAL Farm ButLuetins. Canada. 

Cote, S.W. The American Fruit Book. 1849. 

Coxtuins, ArtHUR J. Catalogue. 

Cotuns, J.S.,& Son. Catalogue. 

CotumBus (Oxn10) HorticutruraL Society. Reports. 

Connecticut HorricutruraL Society. Reports. 

Connecticut Pomo.oaicat Socrety. Reports. 

CountTrY GENTLEMAN. Weekly. 

Coxr, Witu1AmM. A View of the Cultivation of Fruit Trees. 1817. 

CuutivaTor (THE). Weekly. 

Davis (FRANKLIN) NuRSERY Company. Catalogue. 

Domestic Encyciorepia. First American Edition. 1804. 

Downine, A. J. (Revised by Charles Downing.) Fruits and Fruit Trees of 
America. 1845, 1857, and 1869. 

Downina’s APPENDIXES 1, 2, and 3, to Fruitsand Fruit Trees of America. 1872, 1876, 
and 1881. 

Exxiorr, F. R. Elliott’s Fruit Book. 1854 and 1859. 

Exxiorr, F. R. Hand Book for Fruit Growers. 1876. 

ELLWANGER & Barry. Catalogue. 

Fretp, Toomas W. The Pear Tree. 1858. 

Fruir ExprermMent Stations oF Ontario. Reports. 
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Fruir Growers’ ASSOCIATION OF OnTARIO. Transactions. 

Fruits or Ontario. Report of the Ontario Fruit Experimental Station for 1898. 

GARDENER’S MonrHiy. 1859 to 1874. 

GENESEE Farmer. 1832 to 1854. 

GeorGiIA State HorticutTuRAL Socrtety. Proceedings. 

Gips, CHartes. U.S. Department of Agriculture. A List of Russian Varieties. 

GoopricH, CHauncEeYy. Northern Fruit Culturist. 1849. 

Gurney, C. W. Northwestern Pomology. 1904. 

Harcourt, Heren. Harcourt’s Florida Fruits. 1886. 

Harrison, J. G., & Sons. Catalogue. 

Horry’s Nortu American Pomo.ocistr. Dr. Brinckle, editor. 1860. 

Hooker, H. E., & Bro. Catalogue. 

Hooper, E. J. Hooper’s Western Fruit Book. 1857. 

Hoores Brotruers & THomMaAs. Catalogue. 

Horticutturat Art JourNAL. Monthly. 1886 to 1890. 

Horticutrurist (THE). Monthly. 1846 to 1875. 

Hovey, ©. M. The Fruits of America. Two volumes. 1851. 

Huntsvitt—E Nursery Co. Catalogue. 

IncenrFritz, I. E., & Sons. Catalogue. 

ILLINOIS AGRICULTURAL EXPERIMENT Station. Bulletins. 

Inuinois State Horticutturat Socrery. Transactions. 

InpiANA Farmer. Monthly. 1840. 

InpiANA HorticuLTuRAL Socrery. Transactions. 

Iowa AGRICULTURAL EXPERIMENT Station. Bulletins. 

Iowa State Horticutturat Soctety. Transactions. 

Ives, J. M. New England Book of Fruits. 1844 and 1847. 

Kansas AGRICULTURAL EXPERIMENT STATION. Bulletins. 

Kansas State Horticutrurat Society. Transactions. 

Kenrick, Wmuram. The New American Orchardist. 1832 and 1841. 

Kirkpatrick, E. W. Catalogue. 

Linpiey, JoHn Van. Catalogue. 

MaGazinE oF Horticutture. Monthly. 1835 to 1860. 

MAINE STaTE PoMOLOGICAL SocrETy. Transactions. 

MANNING, Rospert. Book of Fruits. 1838. Revised by J. M. Ives and republished 
in 1844 and 1847. 

MARYLAND State HorrticutTuraL Society. Transactions. 

Massacuusetts Horticutrurat Society. History. 1880. 

MassacHusetts HorticutturaL Society. Transactions. 

Meass, Dr. JAMEs. The Domestic Encyclopedia. 1804. 

Micuican AGRICULTURAL EXPERIMENT STaTIon. Bulletins. 

MicHicAN AGRICULTURAL EXPERIMENT STATION. Special Bulletins. 

Micuican State Horrticutrurat Society. Transactions. 

Minter, GEorGE H., & Son. Catalogue. 

Mississipp1 VALLEY (later the AMERICAN) HorticuLtturAL Society. Transactions. 

Missourt State Horticutturau Society. Transactions. 

MontrREAL HorticutturaL Socrety (CANADA). Reports. 

Munson, T. V., & Son. Catalogue. 

NEBRASKA STATE HorticutruraAL Society. Transactions. 

New Jersty State Horticutturat Sociery. Transactions. 

New York AGRICULTURAL EXPERIMENT Station. Circular of 1890. 

New York Strate Fruit Growers’ Association. Transactions. 

NortH AMERICAN POMOLOGICAL CONVENTION. Transactions, 1849. 

NORTHWESTERN FRuIr GRoweERS’ AssocraTION. Transactions, 1852 and 1855. 
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Nova Scotia Frurr Growers’ AssoctatTion. Transactions. 

Onto Stare HorticutruraAL Society. Transactions. 

ONDERDONK, GILBERT. Catalogue. 

OREGON Strate Boarp or Horticutture. Reports. 

Parry, WitiiamM. Catalogue. 

PENINSULA HortTIcuLTURAL Soctety. Transactions. 

PENNSYLVANIA Fruit Growers’ Society. Transactions. 

PENNSYLVANIA StaTE HorticutturRAL Association. Transactions. 

Prince, Witt1aM. Short Treatise on Horticulture. 1828. 

Prince, Wm. R. Pomological Manual. Partsland2. 18381. 

Quinn, P. T. Pear Culture for Profit. 1889. 

RoEpING, Geo. C. Catalogue. 

Stark Brotuers. Catalogue. 

Storrs & Harrison. Catalogue. 

Srrone, Wm. C. Fruit Culture. 1885. 

THACHER, JAMES. The American Orchardist. 1821. 

Tuomas, JoHn J. The American Fruit Culturist. Editions of 1875, 1885, and 1897. 

Unirep States DEPARTMENT OF AGRICULTURE. Reports. 1847 to 1893. 

Unitep States DEPARTMENT OF AGRICULTURE. Yearbook. 1894 to 1905. 

UNITED STATES DEPARTMENT OF AGRICULTURE. PomoLocy Drvision. Bulletins 
6and 8. 1897 and 1899. 

VERMONT AGRICULTURAL EXPERIMENT STATION. Bulletins. 

Virernia State Horticutrurat Socrery. Transactions. 

Warinc, Wm. G. The Fruit Growers’ Hand Book. 1851. 

WASHINGTON State Boarp or Horticutture. Reports. 

WeEsTERN HorticuttuRAL Review. Monthly. 1850 to 1853. 

WestTeERN New Yorxk Horticutturau Sociery. Transactions. 

Wicxson, E. J. The Fruits of California. Ist, 2¢, and 3d editions. 

Wisconsin Horricutrurist. Monthly. 1897 to 1902. 

WIsconsiIn StaTE HorticutturAL Society. Transactions. 

YounG, Joun A. Catalogue. 
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LETTER OF TRANSMITTAL. 


U. S. DepartTMENT or AGRICULTURE, 
Bureau or Puant Inpustry, 
Orrice or THE CHIEF, 
Washington, D. C., January 17, 1908. 


Srr: I have the honor to transmit herewith a paper entitled “ The 
Improvement of Mountain Meadows,” by Mr. J. S. Cotton, of the 
Office of Farm Management Investigations of this Bureau, and 
recommend its publication as Bulletin No. 127 of the Bureau series. 

Experiments in reseeding mountain meadows were begun by this 
Bureau in 1902 and have been continued since that time. The results 
obtained enable us to draw a number of important conclusions con- 
cerning the practicability of reseeding ranges at high elevations in 
our Western States. Our experience also enables us to determine 
fairly accurately the cost of reseeding, the best manner for doing the 
work, and the resulting increase in the carrying capacity of the 
ranges. It is rather a striking circumstance that the only results 
of value that have been secured in these experiments have been with 
the ordinary tame grasses. Generally speaking, native grasses and 
forage plants have seed habits which render their artificial propaga- 
tion on the ranges impracticable. Mr. Cotton has shown that moun- 
tain meadows may be reseeded at an expense which is commensurate 
~with the returns to be secured. 

The information contained in this bulletin should be of value to 
those who own ranges in the mountains or are responsible for their 
administration. 

Respectfully, B. T. Gattoway, 
Chief of Bureau. 
Hon. James Winson, 
Secretary of Agriculture. 
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ILLUSTRATIONS. 


Puatse J. Mountain meadows that should be reseeded. Fig. 1.—A typical 
moist mountain meadow where the original vegetation has been 
destroyed. Fig. 2.—The edge of an oyergrazed meadow where 
timothy and redtop should be ‘sown. -.-- => 2ese-— -eee= eee eee 

II. Results of reseeding. Fig. 1.—A portion of a mountain meadow 
restored through protection. Fig. 2.—A portion of the same 
meadow seeded to timothy. -.--02- 2225225. eeseeee eee eee 

III. Plots at the Wenache Mountain station. Fig. 1.—Meadow seeded 
with redtop four years previously. Fig. 2.—Meadow seeded with 
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IV. Mountain meadow injured by erosion. Fig. 1.—General view of the 
meadow. Fig. 2.—The same meadow, showing early stages of 
CFOSIOMN PA tee = a2 6 sa nas ean aoc oe eee nee see ee ee eee eee eee 

127 
6 


Page. 


26 


26 


26 


B. P. I.—353. 


THE IMPROVEMENT OF MOUNTAIN 
MEADOWS. 


INTRODUCTION. 


For a number of years the Bureau of Plant Industry has been 
carrying on investigations to determine what can be done to improve 
the stock ranges that have become badly depleted through overgraz- 
ing. In this work considerable attention has been paid to the grazing 
conditions in the mountains where the problem of summer pasturage 
is of very great importance in the production of beef and mutton. 

A careful study of the conditions involved in these areas has led 
to two general conclusions: (1) On the mountain ridges, where the 
soil is usually very shallow and close to bed rock and is of a more or 
less sterile nature, very little can be accomplished in the way of range 
improvement. While reseeding may sometimes prove practicable, 
such improvement must ordinarily come through careful protection 
from overgrazing, in order that the original vegetation may be given 
a chance to restore itself. (2) In the mountain meadows and park- 
like areas, where there is ordinarily a good, rich, loamy soil, there are 
very great opportunities to increase the quantity of feed produced, 
and this increased production can very largely be secured by reseeding. 

In connection with these investigations a range experiment station 
was established in the Wenache Mountains in Washington State in 
the fall of 1902, at which time seeding experiments were begun. 
These experiments were carried on cooperatively by the Washington 
Agricultural Experiment Station and the Bureau of Plant Industry. 
The following year other experiments were undertaken in the Sierra 
Nevada Mountains, California, the latter being under the direct 
charge of Mr. Charles H. Shinn, supervisor of the northern district 
of the Sierra National Forest. In 1906 further experiments were 
begun in the Warner Mountains in northeastern California, under 
the care of Forest Supervisor A. H. Hogue. In addition to these 
experiments numerous observations have been made onthe results 
obtained by stockmen in various parts of the country in their efforts 
to improve the mountain grazing areas. 
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8 THE IMPROVEMENT OF MOUNTAIN MEADOWS. 
WENACHE MOUNTAIN STATION. 


The Wenache Mountain station is located on the summit of the 
mountains, some 26 miles northeast of Ellensburg, and is at an alti- 
tude of a little more than 5,300 feet. It is highly typical of the 
entire mountain region along the eastern slopes of the Cascades in 
Washington. Practically all the different soil and climatic condi- 
tions found in this region are represented at the station or within 
a very few miles of it. The annual precipitation is probably not far 
from 20 inches and comes largely in the form of snow. The growing 
season does not much exceed four and a half months. The snow goes 
off some time between May 20 and June 1. The ground is usually 
frozen by the middle of October and snow falls to stay soon after 
November 1. 

The station lies in the general course traveled over in the spring by 
the numerous migratory bands of sheep in going from the desert or 
lowland ranges to the high mountain pastures in the Cascades, and 
again in September on their return to the lowlands. ,As a result the 
region had been severely overgrazed for a number of years and the 
vegetation was in a badly depleted condition, much of it having been 
completely exterminated. 

The station comprised a section of land that Babcock & Benson, the 
owners of a large sheep and cattle range, had inclosed with a good 
stock-proof fence as a holding pasture for their saddle and pack 
horses. As the problem of increasing the quantity of feed in the 
high mountain meadows was one of great importance to them, they 
donated the use of this section for experimental purposes. These 
men endeavored to keep out all stock from this area during those 
periods of the year when grazing might injure the grasses in the 
various plots, and in other ways did all they could to make the work 
successful. 


SEEDING EXPERIMENTS. 


The establishment of experimental plots at the Wenache Mountain 
station covered a period of two years. The first seeding was done in 
the latter half of October, 1902. The seed was sown so late in the 
season that there was no danger of its germinating that fall and yet 
in plenty of time for it to be on the ground before the snow, which 
began falling about two days after the seeding was finished. The 
melting snows in the spring tended to carry the seed into the ground 
and thus to insure germination. 

Approximately 26 acres were seeded, plots of timothy, Kentucky 
bluegrass, redtop, mountain brome-grass (Bromus marginatus), and 
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white clover being started. In the spring of 1903 a little more than 
30 acres were seeded. ‘The same grasses were sown and a number of 
others, as follows: Orchard grass, brome-grass (Bromus inermis), 
cheat (Bromus secalinus), Italian rye-grass, perennial rye-grass, tall 
fescue, hard fescue (Festuca duriuscula), sheep’s-fescue (Festuca 
ovina), Canada bluegrass, red clover, and alsike clover. The condi- 
tions at that time were highly favorable. The ground was covered 
with snow until June 1, 1903. On June 5 a warm wave swept over 
the eastern part of the State. This took the snow off very rapidly. 
The top of the ground dried out very quickly and it was necessary to 
cover the seed by means of a light harrow in order to insure germina- 
-tion. Later there were frequent showers which kept the ground 
moist and in excellent condition. By July 4 most of the plats were 
showing signs of germination. The majority of the grasses men- 
tioned were again tested in the fall of 1903, a little more than 20 acres 
being seeded in the first half of October. 

This completed the main part of the seeding, although in the fall 
of 1904 additional plots of tall fescue and orchard grass were started 
in order that the data obtained might be extended, while new plots 
of a few other grasses were established. The new plots were of 
slender wheat-grass (Agropyron tenerum), western wheat-grass (A. 
occidentale), tall oat-grass, and a native variety of sheep’s-fescue 
(Festuca ovina ingrata). 

Tn addition a number of plots were started on an area that had been 
plowed in the spring of 1904, the object being to determine how much 
value plowing has in the introduction of cultivated grasses in moun- 
tain areas. 

MANAGEMENT OF STATION. 


During the season of 1903 the proprietors of the land took a great 
deal of pains that all stock should be kept off the section until late in 
the fall. In the season of 1904 some 20 head of saddle horses were 
allowed to graze at the station from about the’ middle of June, the 
beginning of the growing season, until the first of November. Late 
in the autumn the station was also used for a few days at a time as a 
holding pasture for beef steers. Although the plots were very closely 
grazed in the late fall no harm was done them. 

In June, 1905, the property changed hands, Coffin Brothers, who 
hold very extensive sheep interests in the State, purchasing it. These 
men very kindly offered to protect any part of the experiments that 
the Bureau of Plant Industry might desire. As all the seeding had 
been completed and the plots were well established, it was thought 
best to have them regularly grazed and learn how the different grasses 
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stood pasturing. Since that date the section has been grazed in about 
the same manner as formerly. No further attention has been paid 
to it by the Department of Agriculture than to make yearly observa- 
tions as to the growth and pasturage qualities of the different grasses. 


GRASSES TESTED. 


Timothy.—Timothy was sown several times and under as many 
different conditions as possible, in order to give it a thorough test, 
17 acres being seeded. Some of it was broadcasted on bare ground 
without further treatment, some was broadcasted and harrowed in, 
while a small quantity was sown on plowed ground. The quality of 
soil on which the seed was sown varied from a sterile side-hill soil, — 
consisting largely of coarsely disintegrated basalt, to a good, rich, 
black loam. The rate of seeding was from 10 to 12 pounds to the acre. 

On the half of the original plot started in the fall of 1902 where 
the seed was covered an excellent stand was secured. Had it been cut 
for hay it would have yielded in 1904 not less than 13 tons per acre. 
It has been grazed quite extensively, especially in the fall, ever since 
the first year and it stood this grazing well until the season of 1906, 
when in some parts of the plot it seemed to be dying out. In 1907 
it had entirely recovered and was doing fully as well as ever. (See 
Pl. II, fig. 2.) The stand on the unharrowed half of the plot was at 
first only about a fifth as good as on the other. By a natural process 
of reseeding, the stand on the greater portion has gradually thickened, 
until at the present time it is fully as good as that on the first half. 
The timothy sown in the spring of 1904 without covering failed for 
the most part to germinate. Where it was harrowed in, a fair 
stand was secured, but one that was in no way comparable with that 
on the area seeded and harrowed the previous fall. Here, also, the 
timothy has reseeded itself until the stand is now as good as can be 
desired. In 1907 these three plots, aggregating some 7 acres, would 
have cut fully 15 tons of hay to the acre. 

Half an acre of timothy was tested on the plowed ground. A good 
stand was secured, but it was no better than where the seed had been 
broadcasted and harrowed in. 

Redtop—A little more than. 10 acres of redtop was sown in 
various parts of the section under practically the same conditions as 
the timothy. The rate of seeding was from 8 to 14 pounds to the 
acre. The first two years after seeding very little of this grass 
could be found, and except in a few scattered places the growth 
seemed to be unsatisfactory. By the summer of 1905 the stand had 
thickened greatly, there being on some areas a good sod where the 
first year after seeding there was apparently nothing to be seen. By 
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the year 1906 the stand on the greater part of the original plots was 
good. (See Pl. III, fig. 1.) The grass was then making an excellent 
growth and in many places was crowding out much of the original 
native vegetation. The redtop sown on the plowed area likewise 
gave an excellent stand and has done well. It is doubtful, however, 
whether the time saved in getting a stand of this grass would warrant 
the extra cost of plowing and preparing the land. 

Tall fescue (Festuca elatior).—In the spring of 1903 an acre of 
tall fescue was seeded on good loamy soil where the original vegeta- 
tion had been largely destroyed, its place being taken by yarrow and 
annual weeds. The rate of seeding was 24 pounds to the acre. This 
plot was duplicated the following fall. In the autumn of 1904 half 
an acre of the plowed ground was seeded to this grass. On half of 
each of the plots the seed was covered by harrowing. On those areas 
that were harrowed, a good stand has been secured and the grass 
has made an excellent erent Tall fescue ranks next to timothy and 
redtop in value. 

Orchard grass—One and one-half acres of unprepared ground 
were seeded with orchard grass in the spring of 1903 at the rate of 
24 pounds to the acre, the seed being harrowed in. In addition to this 
plot an area of one-sixth of an acre was seeded under similar con- 
ditions in the fall of 1904, while half an acre of plowed ground was 
seeded. The stand on the plowed area was quite satisfactory, but on 
the unprepared soil it was very poor. While it has been almost 
impossible to get a good stand, the orchard grass that came up has 
made a very sera V erowth. 

Brome-grass (Bromus inermis)—Two and one-half acres were 
seeded in the spring of 1903 on a rich, loamy soil, the rate of seeding 
being 22 pounds to the acre. One-half of the plot was harrowed. 
Where the seed was covered an excellent stand was secured. By the 
summer of 1905 the stand had thickened greatly, there was an excel- 
lent sod, and the grass was beginning to spread over some of the 
adjoiming areas where there was a good soil. By the summer of 
1906 it seemed to have disappeared in places in the main body of the 
plot, while along the edges it appeared to be getting much more abun- 
dant. In 1907 there was an excellent stand on nearly the entire plot. 

Mountain brome-grass (Bromus marginatus) —About 6 acres were 
seeded to mcuntain brome-grass at a rate of 25 to 30 pounds to the acre. 
As this grass is a native of these mountains and naturally grows on the 
loose, gravelly soil areas, the plots were located on such areas. Where 
the soil was very poor a stand as satisfactor vy as could be expected was 
obtained. On a plot of one acre where the soil was somewhat coarsely 
disintegrated and where the seed had been harrowed in, a stand was 
secured that, if cut for hay, would have yielded not less than three- 
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fourths of a ton of hay per acre. (See Pl. III, fig. 2.) Considerable 
seed has been collected from this plot for experimental uses in other 
places. One-half acre of this grass was tested on plowed ground. 
The stand on the plowed area was no better than that secured on the 
original plot, where the seed was merely harrowed in. The stock on 
the section have never grazed this grass to any extent, as there were 
other grasses that are much more palatable growing near it. 

Cheat (Bromus secalinus).—One acre was seeded to cheat in the 
spring of 1903 on an open park-like area where the soil was a good 
black loam and where mountain clover (77ifolium longipes) formed 
the prevailing vegetation. The rate of seeding was 30 pounds to the 
acre. The plot was duplicated in the fall. The grass seed germinated 
well where it was harrowed in, but the grass made a very poor growth 
and by the season of 1907 had entirely disappeared. 

Kentucky bluegrass.—EKleven acres were seeded to Kentucky blue- 
grass at three different seasons, the rate of seeding varying from 14 
to 18 pounds to the acre. Except for a small plot of about one-tenth 
acre on plowed ground this grass made almost no growth until the 
summer of 1906. At the time it was apparent that the grass had 
started in occasional small patches and was making a fair growth and 
furnishing a little pasturage. The indications were, however, that it 
would be of very little value. 

Canada bluegrass.—A little more than 3 acres was sown to Canada 
bluegrass in the spring and fall of 1903, the rate of seeding varying 
from 20 to 25 pounds to the acre. The grass was seeded in an open 
park-like area where the soil was for the most part a rich black loam. 
One-half of each plot was harrowed. <A fair stand was secured on 
the area that was harrowed, but until the season of 1906 it made a 
very poor showing. By that time the stand had greatly improved 
and the grass seemed to be making a much better growth than in pre- 
vious years. This grass will, however, be of very little value in 
mountain meadows. 

Perennial and Italian rye-grasses.—Some two or more acres were 
seeded to each of these grasses in the spring and fall of 1903. The 
conditions under which they were sown were typical of the majority 
of the plots at the station. In both cases the stand secured was poor. 
Both grasses made very little growth and soon ran out. They seem 
to be totally unadapted to this region. 

Hard fescue (Festuca duriuscula).—About 2 acres were seeded to 
hard fescue in an open park in the spring and fall of 1903. In addi- 
tion, a small plot of one-sixth acre of plowed ground was seeded. 
No traces of this grass could be found on the main plot. The stand 
secured on the plowed ground was excellent at first, but the grass has 
been gradually running out and by the summer of 1907 there was very 
little left. 
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Sheep’s-fescue (Festuca ovina).—Some 3 or 4 acres were seeded to 
this grass during the spring and fall of 1903, 16 pounds of seed being 
used to the acre. A fair stand was secured, hut the grass does not 
seem to have done very well. In fact, it has not made nearly the 
growth that is made by a variety of sheep’s-fescue (Festuca ovina in- 
grata) native in these mountains. 

Native sheep’s-fescue (Festuca ovina ingrata)—One-fourth of an 
acre was seeded to this grass in the fall of 1904. This grass, locally 
known as bunch bluegrass, is a native of the Wenache Mountains and 
the seed was hand gathered. The rate of seeding was 16 pounds to 
the acre. Apparently the seed never germinated. 

Slender wheat-grass (Agropyron tenerum).—In the autumn of 
1904 a plot of one acre of this grass was sown in an area where all 
the original vegetation had been destroyed by overgrazing and tram- 
pling and where yarrow and weedy annuals had become quite abun- 
dant. The seed was harrowed in. In addition to this, a plot of 
about one-fourth of an acre of plowed ground was seeded. The 
grass on the acre plot started very slowly, and even in the summer of 
1906 seemed to be a failure. By 1907 it had become much more 
abundant, and although the stand was still quite poor it looked 
promising. A very good stand was secured on the plowed area and 
the grass has made a satisfactory growth. In the summer of 1907 it 
was estimated that this plot would have yielded, if cut for hay, a crop 
of nearly three-fourths of a ton to the acre. The experiments indicate 
that this grass may have some value in reseeding some of the hillside 
areas of the mountain regions. They will, however, need to be con- 
tinued two or three years more before definite conclusions can be 
reached. 

Western wheat-grass (Agropyron occidentale)—Two small plots 
were seeded to this grass in the fall of 1904, one on plowed ground 
and one on an area with good soil where the original vegetation had 
been destroyed by overgrazing. The seed failed to germinate on the 
unprepared ground. <A fair stand was secured on the plowed area, 
but it has not made a very thrifty growth. This grass will probably 
be of no value in the high mountains. 

White clover.—About 10 acres were seeded to white clover under 
conditions identical with those found on the timothy and redtop 
plots. The rate of seeding was from 8 to 12 pounds to the acre. 
Very few signs of germination of this seed have ever been found. 
In view of the fact that an excellent stand was secured from this 
same seed on the Cooke & Bull holding pasture two years later, the 
blame for this can not be placed on the quality of the seed. Vari- 
ous observations would indicate that the failure of this plant was 
probably due to lack of the proper kind of nitrogen-gathering bac- 
teria in the soil. 
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Red clover.—A plot of 14 acres was seeded to red clover in the 
spring of 1903. Wherever the ground was not too wet the seed was 
harrowed in. A fair stand was secured on the drier part of the plot, 
but it became poorer each year until by the season of 1906 the clover 
had entirely disappeared. A small plot was tested on plowed ground 
with similar results. 

Alsike clover.—Two acres were seeded to alsike clover in the spring 
and fall of 1903, the rate of sowing being 15 pounds to the acre. An 
excellent stand was secured from the spring sowing. Up to the sea- 
son of 1905 it still remained alive, but had made very little growth 
and seemed to be inferior to the native clover. It had a yellow and 
unhealthy appearance and showed an entire lack of the root tuber- 
cles. By the year 1906 about three-fourths of the clover on this plot 
had disappeared. The remaining fourth of the plants had made a 
much larger growth and showed a much healthier condition than 
in previous years. In 1907 it had entirely disappeared. It is quite 
possible that if the seed had been inoculated this clover might have 
proved a success. 

Vetches.—A number of vetches were experimented with, most of 
them being tested on plowed ground. They all failed to germinate. 


EXPERIMENTS OF BABCOCK & BENSON. 


Tn addition to the experiments already described, in the latter half 
of October, 1902, Babcock & Benson scattered 1,000 pounds of tim- 
othy seed, 400 pounds of orchard grass, 150 pounds of Kentucky 
bluegrass, and 100 pounds of white clover over the section and the 
park-like areas of their 14-section beef pasture adjoining it. At first 
there were very few signs of this seed having germinated, but by 
the year 1904 it was quite noticeable that a good deal of the timothy 
and some of the orchard grass had caught and that they were doing 
well. The timothy became more abundant each year until by the 
summer of 1907 it was pretty well distributed over the entire sec- 
tion. There are at the present time numerous spots a rod or more 
square where the stand is sufficiently thick to cut for hay. 

The orchard grass has made a fair showing, but hardly sufficient 
to repay the cost of the seed. The Kentucky bluegrass and the white 
clover were complete failures. 


EXPERIMENTS ON THE COOKE & BULL CATTLE RANGE. 


The experiments on the Cooke & Bull cattle range were under- 
taken in order to test the adaptability at a lower altitude of some of 
the grasses that had been tried at the Wenache Mountain station. 
The place selected is in a holding pasture at an elevation of approxi- 
mately 4.000 feet. It is located some 6 miles southeast of the 
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Wenache Mountain station. The sowing was done in small meadow- 
hike areas at the head of a large canyon, where for the most part 
there was a good loamy soil, and in the bottom and along the sides 
of the canyon. The entire region in which this tract lies has been 
badly overgrazed for years by numerous bands of migratory sheep 
on their journeys to and from the mountain pastures. As a result, 
practically the whole area where the seed was sown had been de- 
nuded of all vegetation except shrubs and trees. The principal 
grasses experimented with were timothy, redtop, and white clover. 

Timothy.—Timothy was sown on approximately two acres in a 
meadow-like area at the head of Perkins Creek canyon in the fall of 
1904. The seed was broadcasted at the rate of about 8 pounds to the 
acre without further treatment. The following fall about 50 pounds 
of this seed were scattered along the bottom and sides of the two 
forks of Perkins Creek canyon, near the head. In spite of the fact 
that a large number of cattle have been kept on this pasture at various 
times and that it has been closely grazed, the timothy in the original 
plot has retained an excellent stand. If it could be protected, this 
plot would yield a good crop of hay. There is also a good stand of 
this grass along the bottom of the canyon and it promises to make 
an excellent growth. 

Redtop.—<A small plot was seeded to redtop near a spring just 
below the forks of the canyon in the autumn of 1904. The follow- 
ing fall (1905) about 50 pounds of this seed were scattered along both 
forks of the canyon, approximately the same area being used as for 
timothy. 

By the spring of 1907 the redtop in the plot looked highly promis- 
ing. Where the seed had been scattered along the canyon there was 
considerable of this grass to be seen. By the season of 1908 it will 
be sufficiently established, judging by the small plot, to produce a 
considerable quantity of feed. 

White clover.—A considerable area in the main branch of the can- 
yon was seeded to white clover in the fall of 1904 and again in 1905. 
There is an excellent stand, and in spite of its having been heavily 
grazed the clover has been making a good growth. It is somewhat 
questionable whether white clover produces enough forage under such 
conditions to make it of much value. 

Other grasses.—In addition to the grasses mentioned, perennial 
rye-grass, Italian rye-grass, and Kentucky bluegrass were tested 
under similar conditions. These have yielded negative results. 


RESULTS OF RESEEDING INVESTIGATIONS. 


The experiments of the Bureau of Plant Industry show quite con- 
clusively that the depleted mountain meadows (PI. I, figs. 1 and 2) 
can be brought back to their original carrying capacity in two to 
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three years’ time by reseeding with tame grasses. (See Pl. II, fig. 
2, and PL. III, figs. 1 and 2.) There are numerous instances, notably 
in the Cascade Mountains of Washington, where by the introduction 
of such grasses the meadows can be made to produce more forage 
than they ever did. 

Out of the thirty or more grasses and forage plants tested, there 
are seven—tall fescue, orchard grass, brome-grass, mountain brome- 
erass, slender wheat-grass, timothy, and redtop—that have shown 
themselves to be of some importance in the restoration of mountain 
grazing areas. Timothy and redtop have proved to be of great 
value for this purpose. These two grasses can be introduced at a 
comparatively small cost, will furnish satisfactory yields, and will 
readily withstand moderately heavy grazing. 

In addition to carrying on the experiments here described the 
writer has spent considerable time in studying the forage problems 
in the Cascade and Sierra Nevada Mountains and in making careful 
observations as to what has been accomplished by various stockmen 
and farmers in reseeding mountain meadows in that region. Several 
of these men have greatly increased the quantity of forage produced 
in such meadows by seeding them down to either timothy or redtop 
or a combination of the two. There are also a number of instances 
where these men are raising good crops of hay with which to supply 
the various lumber, mining, or tourist camps. Other investigations 
carried on by members of the staff of the Bureau of Plant Industry 
show that these grasses can readily be established throughout the 
Rocky Mountain system. In fact, they are quite widely scattered 
through the hauling of hay to the various mining and lumber camps 
and also through systematic effort on the part of some of the stock- 
men living in that region.¢. The results obtained by these various 
stockmen show that there are numerous meadows throughout the 
entire western mountain region where timothy and redtop can be 
very successfully grown. They also prove that it is a paying proposi- 
tion to seed down such meadows. 


TIMOTHY. 


Timothy will be of great value in restoring those areas where there 
is a fairly deep, rich soil that has been denuded of vegetation by over- 
grazing and trampling. Plate I, figures 1 and 2, shows portions of 
two different mountain meadows that are typical of just such results. 
This grass can also be used to advantage in those places where the 
mountain clovers naturally grow. (See Pl. LV, figs. 1 and 2.) 


4 See Bulletin No. 117 of the Bureau of Plant Industry, U. 8S. Department of 
Agriculture, p. 11. 
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An example of what can be accomplished by the use of this grass 
is shown in Plate IJ. Figure 1 of this plate shows a part of a 
meadow near the Wenache Mountain station, lying just outside of 
the station fence. This area has been protected from overgrazing 
during the past five years, and as a result it is restored to a point 
where it will probably carry nearly as much stock as it originally 
did. Plate II, figure 2, shows a part of the same meadow lying just 
within the fence. This area was seeded to timothy in the autumn 
of 1902. The carrying capacity of the area seeded down is undoubt- 
edly two or three times greater than that not seeded. 

It is recommended that from 8 to 10 pounds of seed be used to the 
acre. This will give a stand that will be good enough to cut for hay. 
(See Pl. II, fig. 2.) If it were necessary to economize, a rate of 6 
pounds per acre might prove sufficient, but the stand secured would, 
of course, not be as good as where a little higher rate of seeding was 
used. Although stands ‘that have been entirely satisfactory have 
been obtained in places that have been subjected to continuous graz- 
ing, better results will usually be obtained if the seeded area can be 
protected during the first season or at least until the grass has become 
firmly rooted. 

If the maximum rate of 10 pounds to the acre be used, the seed at 
64 cents a pound will cost 65 cents. The labor, provisions, and cost of 
hauling will bring the entire expense to about 95 cents an acre. The 
plots at the Wenache Mountain station have given a yield that if cut 
for hay would have averaged more than a ton to the acre. While the 
experiments have been carried on under practically typical range con- 
ditions it is possible that they have been a little better protected than 
they would have been in a large inclosure. Granting that these re- 
sults are better than will be obtained under all circumstances, it is 
reasonable to believe that in an ordinary mountain meadow where 
there is a fairly deep and good soil a yield equivalent to at least half 
a ton of hay to the acre can be secured. Observations of the results 
obtained by practical stockmen will tend to confirm this conclusion. 
If the yield is equivalent to only half a ton it will still mean that the 
carrying capacity of this land has been increased so that an acre will 
carry a 1,200-pound steer a little more than 30 days longer than it 
previously did. If we value pasture at 25 cents a head each month 
this would, after the first year, give a return of more than 25 per 
cent on the cost of seeding. 

In this connection an estimate has been made in order to show what 
can be accomplished by reseeding a pasture that is within some 5 or 6 
miles of one of the above-mentioned experiment stations. This 
pasture has been carefully watched during the entire four years and 
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it is doubtful if its carrving capacity is.as high as it was previous to 
fencing. The field contains approximately 1,100 acres and carries 
about 100 head of stock of all ages during the five summer months. 
It is a typical mountain pasture, the ridges consisting largely of 
“ scab ” land—land where there is very little soil—and the hillsides 
and bottoms of the canyons having a good, deep, rich soil. There are 
at least 300 acres of this pasture that could be seeded to timothy to 
good advantage. Using the same figures, the cost of seeding this 
area would be as follows: 


3,000 pounds of seed at 64 cents a pound___-______-=-_=______ $195 
aM OTaG ple Ona ayes ore Seen Ae ee Oe eee eee 45 
IPTOVISIONS ee tee es eo ee es Be eee 15 
Costio£ hanline seed) provisions (ete ee 20 

MRO CH ees Sa ae Soe oe 2 eee ee 275 


If we estimate, as above, that a stand sufficient to yield half a ton 
of hay to the acre is secured, the pasture by the second summer after 
seeding will be in position to support 60 additional head of cattle, or 
nearly two-thirds more than at present, through the grazing season 
of five months. 

Considering pasturage worth 25 cents per month per head, this 
pasture will be in a position to yield a return of more than 25 per 
cent a year on the expense of seeding it down. 

Asa result of these investigations two stockmen who have extensive 
holdings in the mountain grazing areas have sown timothy in their 
mountain meadows. These men are much pleased with the results 
obtained and consider that the grazing capacity of their meadows 
has been sufficiently increased to make reseeding a very paying 1n- 
vestment. 


REDTOP. 


Redtop will also be of value in the improvement of mountain 
meadows. It can be used to advantage under the conditions shown 
in Plate I, figures 1 and 2, but will be most useful in reseeding those 
places that are too wet for timothy. It will do well on those areas 
where timothy grows successfully, and in the Sierra Nevada Moun- 
tains of California will apparently make a very good growth where 
it is a little too dry for timothy. 

The most serious objection to this grass is that it is very slow in 
getting started, especially in the high altitudes. (See Pl. IT, fig. 
1.) It will be necessary to wait at least three years before redtop will 
make much of a showing. Once established it is there to stay. These 
investigations have shown that not only will this grass remain per- 
manently, but it will gradually become thicker in that part of the 
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meadow in which it is sown and will in time spread through the 
meadow, eventually crowding out much of the native vegetation. 

From 10 to 15 pounds of seed of the very best quality should be 
used to the acre. If the seed is full of chaff this rate should be doubled. 

Although no experiments in mixing this grass with timothy have 
been made, it is reasonable to believe that such a mixture might prove 
valuable. The timothy would be available for pasturage the second 
summer after seeding and for a number of years thereafter. The 
redtop would not be well enough established to yield any returns 
before the third or fourth year. Once started it would continue to 
become more abundant and would remain permanently even though 
the timothy might run out. 


TALL FESCUE. 


Were it not for the fact that the seed of this grass is very expen- 
sive and that timothy can be established at a much less cost, tall 
fescue would in all probability play an important part in range im- 
provement. It gives good yields, stands grazing well, and is a favor- 
ite with stock, as they prefer it to either timothy or redtop. Of all 
the grasses tried at the Wenache Mountain station it has proved third 
best. This grass should be sown at the rate of 25 pounds to the 
acre, and if not too expensive it would be advantageous to harrow 
it in. 

ORCHARD GRASS. 


The investigations made in California indicate that orchard grass 
can probably be used to advantage in improving the mountain graz- 
ing areas of that State. In Washington this grass has made a very 
good growth, but it has been very difficult to get a good stand of it. 

Orchard grass will be of most value on those areas that are a little 
too dry for the successful growth of timothy, such as the outside 
edges of mountain meadows. (See Pl. IV, fig. 1.) As there seems 
to be considerable difficulty in getting a stand, a heavy rate of seed- 
ing, not less than 25 pounds to the acre, should be used. If possible, 
the seed should be harrowed in. 


BROME-GRASS. 


Like tall fescue, brome-grass has, shown itself worthy of consider- 
ation in reseeding mountain meadows. It has given a good stand 
and made an excellent growth. Of all the grasses tested it has been 
the favorite with the stock pastured on the section, and as a conse- 
quence has at times been very heavily grazed. It has readily with- 
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stood the occasional overgrazings and the stand has improved each 
year. 

At the present price of the seed (about 11 cents a pound) it is 
doubtful from a range standpoint whether it cin be used profitably. 
Not only is the seed expensive, but good results require that it be 
harrowed in. Although its cost makes it prohibitive for use alone, 
it might be a good plan to sow a little of the seed along with timothy. 
Once established, the brome-grass would have a tendency to thicken 
and would probably be permanent. 


MOUNTAIN BROME-GRASS. 


This grass is a native of the mountains of the Western States. It 
formerly grew quite abundantly on the gravelly hillside areas of 
these mountains, but has been largely exterminated through overpas- 
turing. The experiments at the Wenache Mountain station show 
that it can easily be reseeded and that an excellent stand can be 
secured. Investigations made in the Warner Mountains of Califor- 
nia confirm this conclusion. As the seed.is large and heavy it should 
be sown at the rate of 25 pounds to the acre. While mountain brome- 
grass can be reintroduced by merely reseeding the ground, the best 
results will be obtained if the seed is harrowed in. Next to timothy 
this grass has made the best growth of any of those included in the 
experiments here recorded. From the standpoint of yield and as a 
erass to cover the denuded side-hill areas, it will prove entirely sat- 
isfactory. (See Pl. ITI, fig. 2.) Its chief drawback lies:in the fact 
that stock will not eat mountain brome-grass readily when they can 
find more palatable feed. The plot at the Wenache Mountain station 
has been grazed but very little. It has, however, been located near 
others bearing grasses that are naturally favorites with stock. In 
contrast to this it is noticeable that whenever this grass occurs on the 
open range or in places where there is not an overabundance of feed, 
it is readily eaten. 

SLENDER WHEAT-GRASS. 


As the experiments tried at the Wenache Mountain station with 
slender wheat-grass were not begun in the fall of 1904, the plots are 
not old enough to draw definite conclusions. There are, however, 
strong indications that this grass will prove of considerable value in 
reseeding gravelly hillside areas. | 

Extensive experiments are now being carried on with this grass 
in the Warner Mountains of California to determine the practicability 
of using it in the restoration of the overgrazed gravelly areas of the 
mountain sides at high altitudes. These experiments are under the 
direct charge of Mr. A. H. Hogue, supervisor of the Warner Moun- 


127 


METHODS OF RESEEDING. 21 


tain National Forest. If they succeed this grass will be of great 
value in the improvement of such areas, as it is greatly superior to 
mountain brome-grass, being much more palatable to stock and also 
more nutritious. 


CLOVERS. 


At the present time the clovers can not be recommended in improy- 
ing mountain meadows. In all the experiments at the Wenache 
Mountain station they have been complete failures. During the first 
two years of its existence the alsike clover gave an excellent stand. 
It made a very poor growth, however, and finally died out. 

The white clover tried at the Wenache Mountain station both in the 
plots and by Babcock & Benson proved a failure. On the Cooke & 
Bull range, which is from 1,000 to 1,500 feet lower, the very same 
seed has given a fairly good stand, but it has not as yet made a very 
large growth. 


METHODS OF RESEEDING. 


In this work the writer has obtained the best results by using a 
hand seeder such as is commonly used in seeding alfalfa. With such 
a machine a man can easily sow from 10 to 12 acres a day. This 
acreage can be greatly increased, especially in scattered areas, if a 
saddle horse is used and the sowing is done on horseback. 

If the seeding is done in wet meadows, where there is more or less 
standing water, it will probably be best to wait until late spring or 
early summer when the ground and soil water are so warm that 
the seed will germinate. The grass will then become sufficiently es- 
tablished to withstand the coming winter. In sowing timothy and 
redtop, except on very wet areas, the best results will be obtained if 
the ground is seeded late in the fall just before the snow falls. At 
that time there will be no danger of the seed sprouting and being 
killed by cold weather. The following spring the melting snows will 
tend to carry the seed below the loose, mulchy soil to the moist com- 
pact soil beneath. Continued observation has shown that this loose, 
mulechy soil becomes too dry on top for the germination of seed al- 
most as soon as the snow is gone and within a very few hours after 
a shower. It is therefore essential that the seed be gotten under the 
mulch by some such means as the melting of snow, a heavy shower, 
or harrowing. These grasses can be seeded in the spring, but unless 
there are very favorable rains it will be necessary that the seed be* 
harrowed in, if the work is to be successful. Where the seed is rather 
large, as is the case with brome-grass, orchard grass, and slender 
wheat-grass, it is probable that the extra stand secured will justify 
the extra cost of harrowing. 
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Plowing and a thorough preparation of the soil are advocated by 
some. If the cost of getting the plow into the high mountains and of 
operating it there be taken into consideration, this method will ordi- 
narily be found impracticable. The results obtained at the Wenache 
Mountain station show that, with the exception of slender wheat-grass 
and orchard grass, the stands secured on plowed ground have been 
very little, if any, better than where the seed was merely harrowed in. 
Not only is plowing unnecessary, but under some circumstances it 
would be positively injurious. There are numerous mountain 
meadows which are practically surrounded by hills that have been 
denuded of vegetation by overgrazing. To plow such a meadow 
would be a very dangerous proceeding. The instant the soil is 
loosened the first rush of water from these hills after a heavy rain or 
a spring freshet will carry all the soil away and completely ruin the 
meadow. 

OTHER IMPROVEMENTS. 


While reseeding is the main factor in the improvement of mountain 
meadows there are three other means that under some circumstances 
can be used to advantage and will be of considerable importance in 
making the reseeding pay. These are (1) the drainage of meadows 
that are too wet, (2) the filling in of old washouts, and (3) irrigation. 


DRAINAGE. 


Many mountain meadows, especially in high altitudes, are too 
wet for the growth of suitable forage. The prevailing vegetation 
consists of sedges, rushes, and other water-loving plants. The quality 
of this feed is very poor. If these meadows can be properly drained 
the native vegetation growing on the drier areas, which usually has 
a much higher forage value, will gradually work into the drained 
areas and supplant the original vegetation. This will bring about 
a very great improvement in the quality of feed produced. After the 
-meadows have been drained it is recommended that they be seeded 
down to either timothy or redtop, especially if they have been sub- 
jected to overgrazing in the past. The combined drainage and seed- 
ing will result in greatly increasing the carrying capacity of the 
meadows. Not only will there be more forage, but it will be of rhuch 
better quality. 

This method of improvement must be used with a great deal of 
care, for if the draining is not properly done it may result in the de- 
struction of the meadow. Pains should be taken to see that the 
drains are not cut too deep and that there is no danger from future 
washouts. If such a meadow is surrounded by steep hills that have 
been denuded of vegetation so that there is danger of a sudden rush 
of water, it will be much safer to leave it undrained. 
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FILLING IN WASHOUTS. 


A large number of mountain meadows are not producing nearly 
the quantity of feed they formerly did. Ordinarily this is because 
the meadows and the surrounding hills have been too severely over- 
grazed in years gone by. As a result the water from the melting 
. snows or from rains goes out with a rush and the little creeks that run 
through these meadows have cut deep channels. Plate IV, figure 
2, shows such a cut in the process of formation. These cuts serve as 
drains, but being too deep draw off the ground water too far beneath 
the roots of the vegetation. This results in the death of the vegeta- 
tion or in greatly lowering its rate of growth. It also enables many 
drought-resistant weeds that are of little forage value to get a foot- 
hold and crowd out the original vegetation. 

Some of these meadows could be restored to their former carrying 
capacity by throwing dead logs, brush, and other rubbish into the 
creeks at intervals. This rubbish will tend to catch the silt that 
washes down, and thus gradually fill up the cuts that have been 
formed. This has been very successfully done in the mountains of 
California in one or two instances that have come under the writer’s 
notice. 

IRRIGATION. 


There are a number of mountain meadows where the quantity of 
forage produced (Pl. IV, fig. 1) can be greatly increased if the water 
from the streams running through them can be diverted and allowed 
to spread over the land. A number of instances have been noticed 
where stockmen have plowed a furrow along the outer and higher 
edges of a meadow or along the side hill just above it and have di- 
verted the water from the creeks to these furrows with excellent re- 
sults. The increase in the forage produced where the water from 
these furrows has been allowed to seep through the ground has in 
some instances been quite striking. It would ordinarily require only 
a small outlay of work to make these furrows. <As it is usually 
necessary to keep a herder or fence rider to look after the stock, it 
will take very little extra time on his part to see that the water is 
properly diverted to such furrows. 


CONCLUSIONS. 


(1) The experiments and investigations carried on during the past 
five years by the Bureau of Plant Industry show that the carrying 
capacity of mountain meadows can be greatly increased by reseeding 
with tame grasses. é 

(2) The grasses best adapted to this purpose are timothy and red- 
top. This is because they can be sown the most economically and will 
give the best returns. 
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(3) The introduction of timothy into a devastated mountain 
meadow will mean that the carrying capacity of such a meadow will 
be increased so that an acre will carry a 1,200-pound steer at least one 
month longer than it did previously. Ordinarily it will carry him 
two months longer. 

(4) Timothy can be introduced at a cost of 95 cents per acre. If 
pasturage is worth 25 cents a month for each head of stock, it is 
reasonable to expect a return of more than 25 per cent on the cost of 
reseeding. 

(5) Redtop will be of most value in reseeding those places that are 
too wet for timothy. 

(6) A mixture of timothy and redtop will probably prove valuable. 
Timothy will give returns quickly, while redtop is more permanent 
and has a tendency to spread. 

(7) Brome-grass, tall fescue, and orchard grass have proved to be 
well adapted to mountain-meadow conditions, but the cost of their 
introduction will prohibit their extensive use. 

(8) Mountain brome-grass will readily recover the gravelly hillside 
areas that have been denuded by overgrazing. Where there, is an 
abundance of succulent feed this grass is not readily grazed by stock. 

(9) Slender wheat-grass may eventually prove of more value on 
the mountain slopes. Experiments to determine this point have not 
been continued sufficiently long to permit definite conclusions to be 
drawn. 

(10) Timothy and redtop should be sown in the late autumn in 
order to save the expense of harrowing. 

(11) Where the seed is large, as in the case of brome-grass, moun- 
tain brome-grass, etc., harrowing is strongly recommended. 

(12) Plowing is ordinarily impracticable and sometimes positively 
injurious. 

(13) Drainage, partial irrigation, and the filling in of old washouts 
will sometimes aid in the improvement of native meadows. 
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DESCRIPTION OF PLATES. 


Prate I. Mountain meadows in the Warner Mountains, California, where 
timothy can be sown to excellent advantage. Fig. 1.—A typical moist 
mountain meadow where all vegetation has been destroyed and a species 
of Veratrum has taken its place. This is an ideal place for seeding with 
timothy and redtop. Fig. 2.—The edge of a badly overgrazed mountain 
meadow where timothy should be sown. Reseeding would greatly increase 
the carrying capacity of this meadow. 


Piatre Il. Results of reseeding. Fig. 1.—A portion of a mountain meadow 
allowed to restore itself through protection from overgrazing. Fig. 2.— 
A portion of the same meadow (just inside fence) where timothy was sown 
in 1902. It has been closely grazed each fall since. 


Piate ILI. Plots at the Wenache Mountain station. Fig. 1.—Meadow seeded 
with redtop four years previously. The dark streaks in the picture are the 
young redtop heads. Fig. 2.—Meadow seeded with mountain brome-grass 
(Bromus marginatus). The boundary line of the plot is plainly shown in 
the foreground. ; 


Pirate IV. Mountain meadow where the carrying capacity has been lowered 
by a stream cutting a deep channel, thus draining the meadow too much. 
Fig. 1.—General view of the meadow. Fig. °—The same meadow illus- 
trated in figure 1, showing the early stages of erosion. J 
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Fic. 1.—A TypPicAL Moist MOUNTAIN MEADOW WHERE THE ORIGINAL VEGETATION HAS 
BEEN DESTROYED. 


Fic. 2.—THE EDGE OF AN OVERGRAZED MEADOW WHERE TIMOTHY AND REDTOP SHOULD 
BE SOWN. 


MOUNTAIN MEADOWS THAT SHOULD BE RESEEDED. 


Bul. 127, Bureau of Plant Industry, U. S. Dept. of Agriculture. PLATE II. 


Fic. 2.—A PORTION OF THE SAME MEADOW SEEDED TO TIMOTHY. 


RESULTS OF RESEEDING. 


Bul. 127, Bureau of Plant Industry, U. S. Dept. of Agriculture. PLATE Ill. 


Fic. 1.—MEADOW SEEDED WITH REDTOP FOUR YEARS PREVIOUSLY. 


FiG. 2.—MEADOW SEEDED WITH MOUNTAIN BROME-GRASS. 


PLOTS AT THE WENACHE MOUNTAIN STATION. 
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Bul. 127, Bureau of Plant Industry, U. S. Dept. of Agriculture. PLATE IV. 


Fic. 2.—THE SAME MEADOW, SHOWING EARLY STAGES © 
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MOUNTAIN MEADOW INJURED BY EROSION. 
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LETTER OF TRANSMITTAL. 


U. S. DeparrMEentT oF AGRICULTURE, 
Bureau or Puant Inpustry, 
OFFICE OF THE CHIEF, 
Washington, D. C., March 25, 1908. 

Str: 1 have the honor to transmit herewith and to recommend for 
publication as Bulletin No. 128 of the series of this Bureau the 
accompanying manuscript, entitled “ Egyptian Cotton in the South- 
western United States,’ by Thomas H. Kearney, Physiologist in 
Charge of Alkali and Drought Resistant Plant Breeding Investiga- 
tions, and William A. Peterson, Farm Superintendent, Western 
Agricultural Extension Investigations. 

This bulletin calls attention to the fact that we now import from 
Egypt an average of sixty million pounds of cotton annually, not- 
withstanding the fact that this country far surpasses all others in its 
exports of this staple. The Bureau of Plant Industry has experi- 
mented for several years past with a view to establishing Egyptian 
cotton culture in some portion of the United States. In the main 
cotton belt the results on the whole have not been encouraging, but 
in the irrigated districts of the extreme Southwest, notably in south- 
ern Arizona and southeastern California, much progress has been 
made in acclimatizing two of the leading varieties and improving 
them by selection. 

The climatic and soil conditions of the Colorado River region are 
admirably adapted to cotton growing and considerable interest in 
this crop has recently been manifested there. Owing, however, to 
the distance from manufacturing centers and the high price of labor 
which prevails, it is believed that a profitable cotton industry can 
be developed in that region only by associating it with some special 
type of cotton bringing a higher price than Middling Upland and 
not grown elsewhere in the United States. Egyptian cotton fully 
meets these requirements. 

Respectfully, B. T. Gatioway, 
Chief of Bureau. 
Hon. James Wison, 
Secretary of Agriculture. . 
128 2 


COMER ES: 


Be CINCH Oli Sa . ae ee Nae eee ee eck cc bc 


UIST EDU ECS 0) Roe ee 
Etiyeies| characteristics Of the COUNTY -.-25-----.-.-.--2+----2----2-242 

RAS rhictire ee eee ee ee oe 2205 one cole te a bles 

SLIT pet EE al Sd ee ee 2 
AAlEResistAnceOMine conan! plamives=—-°2-.2035022-22.l 522222 


NETCIICH OL OWI ese enn rem me 8 


PASUEITT EITM eee nen as eer eee MER eI EN nS a Siac 


[Ini a2 pala eke eS Ee ae oS es 
au OW Le Dea eas eee ey en et es 
TG Cr ee Sane eee 2 Gee a 22s Lie 
iN bloph dis 24 Bee ee ee ee 2 ee 
Quality and grades of Egyptian cotton....--....---- 


(Chualiqnneeal roayeyd ayers EIR ee ee Ne ee ee re 
[evel eater ia (DPW aaniloods) (a (Abe A See <a es oe ee a eee 


LANG eb aV eae ee eager ep een ae eo 


Lee Os be hs el a ee ic a ri 


Cultivatinees so oes ee ee ee 


TE re Ini Reeles as eee eee Ree Yan ae Ed ie, on IE a a 


Grnminand baling 2] 326.22 soa ace 


PROhAs AAG ADR tGeg = eens ace oy eee ee eo ne ne scm ten 
Uses of Egyptian cotton by American manufacturers. -..-.-...----.--------- 
Beypiean cotton culture in the United Statesi_*- 22-25-22. -..-.----..-....---- 

ATCAS AGCADLEG: 10 LAIN Ly pe OllCOlOMi=n meee - as ae eens eee 


Olimate. o-8 522 2S 2 es ee ee 
3/0) tae a en ar we Aine Kate ae 


iy Listed shh e: 0] § aaa Ree Nee eS. 
Experiments in the South Atlantic and Gulf States ..........-..----.---- 


Preliminary experiments in the Southwest .......-..-- 


Reports of experts on the fiber produced in 1902..........-------- 


Results of acclimatization and selection in the Southwest..........----- 


Characters of the plants: = --22 ss eee 2. 


Ail (ale trl ee aera 8 oo 


Qaality of the fiber.2-52. 2 Micon eee -- - 
Sitenotih testde soos ae. see eae -- 


Comparison of the fiber from different pickings -.........------ 


Opinions of experts on the fiber produced in 1907 
VES PIODUCEC So ism a ai in a ree pers 


Je teetsG Ge deat eee a hs 


128 


6 CONTENTS. 


Egyptian cotton culture in the United States—Continued. Page 
Suggestions as'to cultural: methods. --\- 6. ~ = 2-2 ee eee ee 48 
Irrigation i2c22 2226 cs oY sn 2 ne ee eee 48 
Preparation of the land ..2- -.':-+23- 222222 se= S eee eee 50 
Plantiig:. 222 peek ee see < cainco ute te tec a eee eee 50 
Cultivating sa225- 2 aac Shee = ee Sb see ee eee Oe eee 53 

Pickanens 00) eo SO ee ot ice She ads Sa eee ee 53 
Machinery required 2... 252. 5.522 2.2% <2. s-ceie nae eee ee ee 54 
Rotationg 2552224 beeches. Joos See eee ne Seen ee eee 56 

habor Cond@itionS. s-s.02.n-isc2nccee- -kch ce oe oe eee eee ee eee 2 57 
Marketsiandttransportation’ 22-22-2252. cere -e == 6 eee eee eee eee 58 
Diseases and imsect.enemies .- = 55 =~. 8s. S25 kane eee ee ee 58 
DISGASESipiawe ce Se ene cor oe seen Ace eee eee eee 58 
Threrbollliweevall sae ernasc we oat Boe oe ee eee 59 
Bermuda erase inrelation)torcotton cultures sss 5=s225 == a= eee 59 
UTE AY eka ate eee Sore hs awn Dn a Sees tee ere ce te 60 
Desemptionvol plates =o 96,4)... 2.0 532 a ee ee oan 64 
Ninn Cle Xepetees Streep ea eine 5 Hele Sele SoU e eee eee 65 


PLUS? RAGS: 


PLATES. 
Page. 
Puate I. Experimental cotton field at Yuma, Ariz., in 1907.......--- Frontispiece. 
Il. Fig: 1.—Egyptian cotton plants at Yuma, Ariz., in 1903, showing rank 
growth and relative sterility. Fig. 2.—Egyptian cotton plants at 
Yuma in 1907, showing productiveness and satisfactory opening 
OlRbolls eee 22: seoes2 2555.8 been wees neo eee eee ee 64 
Il. Fig. 1.—Typical Mit Afifi cotton plant grown at Yuma, Ariz., in 1907. 
Fig. 2.—Another typical Mit Afifi cotton plant grown at Yuma 


nd USO (a a NG ee eee ee eRe re ee eee aCe 64 

TV. Open and unopened bolls of Mit Afifi cotton grown at Yuma, Ariz., 
iNav Oi (ey es, 2 nen ei ee OT Gea toacsc 64 
V. Mit Afifi seed cotton, showing improvement by selection....--.--- 64 


TEXT FIGURES. 


Fie. 1. Map of Arizona and southern California, showing the location of the 


Salighiners sume: and Tnoperiallsvalll yc ee 28 
2. Finished Egyptian cotton bales at a ginnery at Kafr ez Zayat, Egypt. - 5d 


128 


B. P. 1354. oe 


EGYPTIAN COTTON IN THE SOUTHWESTERN 
UNITED STATES. 


INTRODUCTION. 


Although the United States is by far the greatest cotton-producing 
country in the world, a large quantity of this staple is every year 
imported from Egypt. During the past ten years the direct imports 
from Egypt have averaged nearly fifty-four million pounds, besides 
an average annual importation from Great Britain of eight and one- 
half million pounds, the great bulk of which was undoubtedly pro- 
duced in Egypt. In 1907 the value of the direct imports from Egypt 
exceeded all records, amounting to over $16,000,000. The average price 
of this cotton on the Boston market in 1907 was 21.9 cents per pound. 

Several varieties of cotton are grown in Egypt, but all of them are 
of one well-marked type that resembles in many respects the Ameri- 
can Sea Island. They are characterized by long and very strong 
fiber, smooth seeds, small, pointed, three-locked bolls, and yellow 
flowers. Some of them, notably the Abbasi and Jannovitch varieties, 
are second only to Sea Island cottons in the length, fineness, and silki- 
ness of their fiber. The first is pure white, the latter of a very light 
cream color. The most extensively grown variety, Mit Afifi, has 
a soft, rather crinkly fiber of a characteristic light brown color that 
renders it especially useful for certain classes of cotton goods in which 
the natural color of the fiber is retained. The great strength and high 
degree of twist allow the production of a very strong yarn. The best 
Egyptian cottons bring a price second only to that paid for the high- 
est grades of Sea Island, being used solely in the manufacture of the 
finest goods. They are especially suitable for mercerizing, taking 
this process better than either Sea Island or Upland cottons, and are 
largely used for mixing with silk and for the manufacture of cloths 
in which a high finish and luster are required. 

In view of the considerable value of this import, the Department of 
Agriculture is endeavoring to develop Egyptian cotton culture in 
the United States in order to supply our own market with a home- 
grown product. The Office of Seed and Plant Introduction has sev- 
eral times imported seed of the standard Egyptian varieties and 
these have been tested at many localities throughout the main cotton 
belt from South Carolina to Texas, as well as in extreme western 
Texas, New Mexico, Arizona, and southeastern California. 

128 


-1 


8 EGYPTIAN COTTON IN THE SOUTHWESTERN UNITED STATES. 


In the humid part of the United States, where cotton is already 
the principal crop, the Egyptian types have given only indifferent 
success, although the quality of the fiber produced has in many cases 
been excellent. The chief drawback has been their late ripening, and 
hence the failure to obtain full yields. 

Success in this effort can be looked for in the Southwest, and es- 
pecially in the Colorade River region, where the very long, hot, almost 
rainless summers, deep alluvial soils, and irrigated agriculture ap- 
proximate the conditions obtaining in Egypt. The length of the 
season in southern Arizona and southeastern California permits many 
more bolls to ripen on plants of the Egyptian varieties and hence 
larger yields than anywhere in the cotton belt proper. 

That success could be expected in the Southwest had already been 
indicated by the results obtained at Phoenix, Ariz., in 1900 and 1901 
by the Territorial Experiment Station. In 1902 the Bureau of Plant 
Industry commenced experiments with Egyptian varieties at Bar- 
stow, Tex., and Carlsbad, N. Mex. (both localities in the Pecos 
Valley), and at Yuma, Ariz., and Calexico, Cal., the latter two 
localities being in the Colorado River region. For various reasons 
the work was finally concentrated at Yuma. 

During the first three years the results were far from encouraging, 
so far at least as the Mit Afifi variety is concerned. The plants 
made an exceedingly rank growth, were relatively sterile, the bolls 
opened very late and imperfectly, and the fiber was relatively short 
and coarse. After five years of acclimatization and selection, how- 
ever, there has been a very great improvement in all these respects. 
In 1907 Mit Afifi cotton yielded at Yuma at the rate of 990 pounds 
of fiber to the acre, a yield practically equal to that of the most 
productive Upland variety that was grown in the same field. The 
fiber averaged nearly 14 inches long, was exceedingly strong, and 
possessed the delicate brown color that is so desirable in this type. 
The bolls, although much smaller than those of Upland varieties, 
opened perfectly. It was found that the cost of picking was only 
about one and one-half times as much for Egyptian cotton as for 
such large-bolled Upland varieties as Triumph and Rogers Big Boll. 

In view of these results, the possibility of establishing Egyptian 
cotton culture on a commercial scale in the irrigated valleys of the 
Southwest deserves serious consideration. The remoteness from ex- 
isting markets and the scarcity and cost of labor make it very doubt- 
ful whether short-staple Upland varieties can be profitably grown in 
that part of the country unless the unusually high prices of the last 
few years are maintained. On the other hand, the more valuable 
long-staple Upland or “ Peeler” varieties have not yet yielded 
at Yuma as heavily as the acclimatized Egyptians. The best pros- 
pect of building up a permanently remunerative cotton industry in 
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the Southwest undoubtedly les in identifying that region with the 
production of a special type of high-grade cotton, one that is grown in 
no other part of the United States and is demanded by a special 
market willing to pay high prices for a first-class product. All these 
requirements are met by Egyptian cotton and by no other. 

The climatic conditions of the Colorado River region in southern 
Arizona and southeastern California are unrivaled from the stand- 
point of cotton growing. At least 600,000 acres of excellent land are 
or soon will be under ditch in the Imperial, Yuma, Salt, and Gila 
valleys. One-fifth of this acreage could produce the average amount 
of Egyptian cotton that is annually imported into the United States. 
The soils are for the most part very fertile and an abundant and per- 
manent supply of water for irrigation is at hand. It has been dem- 
onstrated that yields of one to two bales per acre are possible in this 
region and the fiber produced has been pronounced by experts as 
equal to the better grades imported from Egypt. 

Two principal difficulties remain to be overcome: Labor and mar- 
keting. Since cotton must be picked by hand, the first is a serious 
difficulty in a region where labor is so scarce and high priced. The 
problem of transportation also remains to be solved. But, in view 
of the high price brought by this cotton, there is good reason to believe 
that it will be found feasible to ship it by rail to Pacific coast or even 
to Gulf ports, and thence by water to the New England cities where 
it is manufactured. So long as these problems remain unsolved, how- 
ever, farmers who are contemplating growing cotton in the South- 
west are cautioned to look carefully into the possibilities of picking 
and marketing their crop before planting any considerable acreage. 

Since there is every indication that Egyptian varieties offer the 

best prospect of building up a profitable and lasting cotton indus- 
try in the irrigated valleys of the Southwest, planters in that region 
are urged to consider the question carefully before committing them- 
selves to growing Upland varieties. The introduction of the latter 
would seriously interfere with keeping the Egyptian varieties up to 
the high standard which has been attained, since a certain amount of 
crossing would inevitably take place. Moreover, Indians and other 
pickers, should they become accustomed to the large-bolled Upland 
varieties, would be more reluctant to pick the small Egyptian bolls 
than if they were familiar only with the latter. Finally, there would 
be danger of introducing with the seed of Upland varieties some of 
the diseases and insect enemies that ravage this crop in the South- 
ern States, but have not yet appeared in the isolated valleys of the 
Southwest. 

The introduction of the cotton boll weevil would be ruinous to the 
industry at the very outset. Immunity from this destructive insect 
can be insured only by a rigorous inspection of all cotton seed intro- 
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duced from the weevil-infested district, which now includes prac- 
tically the whole of Texas, as well as parts of Louisiana, Mississippi, 
Arkansas, and Oklahoma. The safest plan would be to admit no seed 
from other cotton-growing districts that has not been thoroughly 
fumigated.? 

Those who contemplate experimenting with Egyptian varieties of 
cotton should avoid the use of directly imported seed, which is likely 
to give disappointing results during the first two or three years it is 
grown in the United States and hence to prejudice the grower against 
this type of cotton. Thoroughly acclimatized seed is under all cir- 
cumstances to be preferred. 

Since cotton growing under irrigation in an arid climate is still in 
the experimental stage in the United States, it has been deemed ad- 
visable to begin this paper with a brief description of the physical 
conditions prevailing, the varieties grown, and the cultural methods 
used in Egypt, where the crop is produced under irrigation with 
great success on a large scale. The portion of the United States that 
most resembles Egypt in its physical characteristics will then be 
taken up and the principal features of its climate, soils, and water 
supply will be pointed out. The results so far obtained in adapting 
Egyptian cottons to this area by acclimatization and breeding will 
next be discussed. Experiments in methods of growing the crop 
under irrigation are described and such recommendations as to cul- 
tural practices are given as the information now at hand will warrant. 


COTTON CULTURE IN EGYPT.?® 


No country in the world is better adapted than Egypt to growing 
cotton. The long, hot, rainless summers, deep alluvial soils, plentiful 
supply of water for irrigation, abundance of cheap labor, facilities 
for economical transportation to the best markets, and, last but not 
least, the possession of distinct and very valuable types of cotton 
are a combination of conditions for the production of this staple that 
is well-nigh unrivaled. Hence it is that cotton can be grown at a 
profit in the Nile Delta on land that sells for from $300 to $800 an acre. 


4¥Warmers’ Bulletin 209 gives full particulars regarding the fumigation of 
cotton seed. 

’The following description is based partly on the results of an expedition to 
Hgypt made for the Office of Seed and Plant Introduction in 1902 by Messrs. 
T. H. Kearney, of the Bureau of Plant Industry, and T. H. Means, formerly of 
the Bureau of Soils, now of the United States Reclamation Service, the primary 
object of which was to study the cotton industry of the country and the climatic 
and soil conditions under which it exists. Published accounts of Egyptian agri- 
culture have also been freely consulted. In regard to the varieties grown and 
the cultural methods used, much information has been drawn from Mr. G. P. 
Foaden’s Notes on Egyptian Agriculture, published as Bulletin 62 of the Bureau 
of Plant Industry, U. 8S. Department of Agriculture, 1904, to which the reader 
is referred for further details, 
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Agricultural Egypt consists of the long narrow valley and the 
broad fan-shaped delta of the River Nile. In the Nile Valley south 
of Cairo about 2,300,000 acres are in crops, while in the Delta, where 
nine-tenths of the cotton is produced, there are 3,400,000 acres of cul- 
tivated land. All of this land is under irrigation, the rainfall being 
wholly inadequate for crop production. An elaborate system of 
canals carries the water of the river to every part of the cultivated 
area. The recent completion of two great dams on the Nile in Upper 
Egypt, one for storage and the other for diversion, in addition to 
the diversion dam that has stood for many years at the point where 
the river forks, a few miles north of Cairo, insures a sufficient supply 
of water to irrigate practically this entire acreage, even in years when 
the river is lowest. 

While other summer crops, such as rice, Indian corn, and, in south- 
ern Egypt, sugar cane and sorghum, are extensively grown, cotton is 
by far the most important money crop of the country and is in fact 
the backbone of Egyptian agriculture. It is estimated that this crop 
now occupies annually from one and one-half to one and three- 
fourths million acres. The fertility of the soil is in large part main- 
tained by the almost universal practice of growing in winter legu- 
minous forage crops, the most important of which is berseem, or 
Alexandrian clover.*?. Cotton is grown once every two or three years 
in rotations which include clover or beans and wheat or barley as 
winter crops and Indian corn as a late summer crop. 


PHYSICAL CHARACTERISTICS OF THE COUNTRY. 
CLIMATE.? 


Egypt is essentially a great oasis in the midst of the most extensive 
body of extremely arid land in the world. West of the Nile and 
beginning almost at the river bank the Sahara stretches across north- 
ern Africa to the Atlantic Ocean. From the east bank of the river, 


“For a description of this plant and the important part it plays in Egyptian 
agriculture, see Bulletin No. 23 of the Bureau of Plant Industry, 1902; also 
Bulletin No. 62 of the same series, pp. 46-49. 

+The meteorological data for Egyptian localities are taken from Capt. H. G. 
Lyons’ “ Physiography of the Nile River and Its Basin,” Cairo, 1906, pp. 296 to 
298 and 339 to 341. The length of the periods covered by the observations is 
not stated. The data for Phoenix and Yuma, Ariz., have been obtained from 
Prof. A. J. Henry’s “ Climatology of the United States,’ Bulletin Q, U. S. 
Weather Bureau, 1906, pp. 907 and 909. The observations of temperature and 
humidity at Phoenix cover a period of eight years. Those of temperature at 
Yuma cover a period of twenty-eight years and those of humidity one of 
fifteen years. It should be noted that the observations are taken at Phoenix 
at a height of 47 feet above the ground and at Yuma at a height of 16 feet (5 
feet during the first ten years), a difference that should probably be taken into 
account in comparing the records from the two stations. 
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interrupted only by the narrow Red Sea, the desert extends to north- 
western India. Consequently, except in the district near the Medi- 
terranean Sea, Egypt has an arid climate. In southern Egypt 
especially the air is very dry and the rainfall is exceedingly light, the 
annual average, even at Cairo, being only 1 inch. In the Delta 
region, which borders on the Mediterranean, the rainfall is greater, 
averaging 8.26 inches at Alexandria, on the coast. The mean relative 
humidity, especially in the months from March to August, is also 
considerably greater in that part of the country. 

As regards temperature, Egypt possesses a subtropical climate, the 
greater part of the country being nearly frost-free. The winters are 
short and mild, the summers very long and hot. These are excellent 
conditions for the varieties of cotton grown in Egypt, which require 
an unusually long season in order to ripen their entire crop. 

The following table affords a comparison of the temperatures of 
Egypt with those of the southwestern portion of the United States: 


Taste I.—Mean monthly and annual temperatures, in degrees Fahrenheit, at 
localities in Egypt and in the southwestern United States.@ 


| Alexandria, Egypt. Cairo, Egypt. Phoenix, Ariz. Yuma, Ariz. 
| as 
Month Mean | Mean| | Mean Mean moe Mean | Mean Mean 
: of of | of (oie ye |e Costa |e yout of of 
Mean. maxi-| mini M°8"-) maxi- mini-|M@€@2-| maxi-| mini-| M¢@2-| maxi-| mini- 


, Mum. mum. | Mum. mum. |; mum. mum. mum. mum. 
| | 


PH aS lal gee oF AP oR al (OR ataeeres ag! OE | ae ee SR. Bae | S28ie 


Apia) nthe ee ed 57 62] > 51 54 65 44 52 65 |, 39 54 66 42 
Rebruary=—-—-= 60 | 70 | 58 57 70 47 56 68 41 59 72 46 
Marche sas 2 as) 63 | 70 5d 62 | 75 | 50 60 73 46 64 7 50 
PAT nil Seer ne 66 74 59 70 88 | 55 67 82 D2 70 85 55 
IMiary atest = Bee aoe 71 | a 64 77 91 61 75 90; 60 it 93 | 61 
une ee 76 82 69 82 95 65 85 101 | 69 85 101 68 
Joie ee 79 | 85 73 83 97 69 90 104 77 92% 106 77 
AU SUS ene ee 80 86) 74 3 95 69 89 102 | 7 91} 104 77 
September_______ 79 85 12 78 90. 66 8 97 69 84 100 70 
October 75 82 69 74 86 63 (Al 86 | 56 73 87 58 
November--_-_-_—___- 68 75 61 66 | 76 54 61 75 46 62 76 | 49 
December=—-=——- =| 61 | 68 | 54 59 | 68 | 48 52 66 38 56 68 44 

Wear: = 2 = s 7 77 63 70 83 58 70 84 56 72 | 86 58 


«The Delta of the Nile, in which the bulk of the Egyptian cotton crop is produced, lies 
between Cairo and Alexandria. Meteorological data are wanting for localities in the 
Delta itself, but the conditions are probably intermediate between those at Alexandria 
and at Cairo. Of the two localities in the southwestern United States for which data 
are given, Phoenix represents the Salt River Valley and Yuma the valley of the Colorado 
River. For the third important area which is believed to be well adapted to the culture 
of Egyptian varieties of cotton, i. e., the Imperial Valley, in southeastern California, the 
available records are not sufficient to serve as a basis for comparison. 

Alexandria, on the Mediterranean coast of Egypt, has a less ex- 
treme climate than Cairo, which hes at the apex of the Delta of the 
Nile and almost touches the desert. The variation from season to 
season In mean temperatures and in the means of the maxima and 
minima is much smaller at Alexandria than at Cairo. Even at Cairo, 
however, the summers are decidedly cooler and the winters are some- 
what warmer than at Phoenix and Yuma. The yearly means and 
means of the maximum and minimum temperatures are much alike 


at all four localities. 
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The table following shows the mean relative humidity of Alexan- 
dria and Cairo, Egypt, as compared with points in Arizona: 


TABLE II.—Mean relative humidity in percentages of saturation at localities in 
Egypt and in the southwestern United States. 


Month ene | Cairo, |Phoenix,) Yuma, 

? Egypt. Egypt.* Ariz.? Ariz.> 
| Per cent. | Per cent. | Per cent. | Per cent. 

PNT ANY a See 8 een Boe Ree ee ee eee dL 64 72 50 5 
LNT Unis Ve a ES ee ot eee Be eee / 62 7 45 49 
WGI 1a ee Oe ee es ee ae ee ee 61 61 38 | 46 
AUN ee cee ae SE aoa enel Seat oe ee toe ee ee oe 60 54 31 39 
I ay eg Red a SEY A Mea ee Oe TSS 60 | 50 26 40 
UsicCUk,Re ee Ee en eS eae. Vee Ce ee 64 53 22, | 39 
Jia iS. SS ee ee ee ee 67 61 35 48 
J AVERYS) 12 = A ee Se ee eS ee See Se et ee Be 64 67 389 | 52 
(SHEPULGTEn OCG) pene eee RE SS ee Care eee eee Pee es 63 68 38 49 
“Di Ma OU a= aS abe BO SE ES 8 wee a OE ay ee Le es ed 64 72 38 | 49 
EVEN OEA GE See ae pe ee a ee eee eee 61 72 44 47 
IDTULTT pee See eee ee ee ee ee eee 66 7 44 51 
NSAP pee Ss Be BS ey eG Pe ee oO ee 63 64 38 46 


5 Mee pig hi daily Aa ate eee 5p.m. 

The above table is inserted because the humidity of the atmosphere 
at different localities is usually compared on the basis of percentages 
of possible saturation at the temperature prevailing when the obser- 
vations are made; but there is reason to believe that the factor that 
vitally affects the growth of plants is the saturation deficit, i. e., the 
difference in weight between the amount of water vapor actually 
present in a given volume of the atmosphere and that required to 
saturate it at the mean temperature for the period under considera- 
tion. Hence the following table is likewise presented: 

TABLE III.—WVean saturation deficit (weight in grains of the additional water 


vapor required to saturate a cubic foot of air) at localities in Egypt and in 
the southwestern United States. 


Alexan- Cairo, |Phoenix, Yuma, 

Month. dria. Egypt NE hate 

Egypt. bg és Ariz. Ariz. 
Grains. Grains. | Grains. Grains. 
SPecetry eer Wee eS ae doa Ss hs ok a ae ee eee 1.9 1.3 | 2.3 24 
PSTN NG ea 2.2 1.6 3.0 2.9 
ine oe a i ee ee ee oe oe eee ee 2.4 2.4 3.7 3.7 
(th Lb Se 5 ee ee Se a a ee ee 2.8 ave aes 52 
NRE Ree Se Se 9s 28 aS Se ee ee eee 3.3 4.9 7.1 6.3 
“Un Be ee ee eee 4S ee eee 3.4 5.4 10.4 8.4 
Tih 22 See eee A EE eee See Pork es RC eso S| | 3.6 1.9 10.1 8.9 
“Toa Fe ee et reer ee ee BE eee 3.9 4.0 9.2 7.9 
LDU Oty RAS a, le a es Se Ter Eee Se ES eee | 3.9 338 8.0 6.6 
Sa) 0.) eae ie ale ee eee elon ee el TSE ee Te 3.3 2.4 5.4 2 
Me ii GPa Sc a oe hs eee 2.9 | 2.0 3.6 3.2 
TIBCBI ROG. sees ee ss ae ie Se ee 2.0 | 1.4 2.6 2.4 
Vit \ Some St ESSE Janae Se Dine e se eeee cee cee b= nF oa FS 3.0 2.9 5.2 £.6 
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During the summer months the saturation deficit is considerably 
greater at Cairo than at Alexandria, while in autumn and winter it is 
greater at Alexandria than at Cairo. At both Egyptian localities 
the saturation deficit throughout the year is much lower than at 
Phoenix and at Yuma, Ariz. 

A curve representing the variation in the saturation deficit of 
the air from month to month throughout the year would be much the 
same for Alexandria and for Cairo. At both localities there is a 
rather gradual increase from the minimum in January to the maxi- 
mum (which occurs in August and September at Alexandria, in 
June at Cairo), followed by a gradual decrease to the January mini- 
mum. <A curve representing the variations from month to month 
at Phoenix and at Yuma would be on the whole similar, June to 
September being the months of maximum saturation deficit at these 
localities. 

A characteristic feature of the early fall months in the Nile Delta 
are the heavy fogs, which often persist until 9 or 10 o’clock in the 
morning. This is a feature that is absent from the climate of the 
southwestern United States. When accompanied by excessive heat 
these fogs are said to cause premature dropping of the cotton bolls. 


SOILS. 


Egypt, to quote a familiar saying, is “ the gift of the Nile.” This 
is true in a double sense, since not only does the life of that nearly 
rainless country depend upon the water supplied by the river, but its 
agricultural soils are all of alluvial origin, being the accumulated sedi- 
ment of countless Nile floods. As in the case of most alluvial soils, 
those of Egypt vary greatly in mechanical composition, according to 
the distance from existing or ancient stream channels at which they 
were laid down. Especially in the Delta region, clay loams and clays 
greatly predominate over other soils, but silt loams, loams, and sandy 
loams also occupy extensive areas, and near the edges of the desert 
almost pure sands occur. The clays and clay loams are mostly black 
in eclor and doubtless contain considerable organic matter. These 
soils, when dry, are apt to bake on the surface, thus giving up much 
moisture by evaporation, and te form deep cracks through which a 
great deal of water is lost by percolation. To prevent this the sur- 
face must be kept well mulched. All these soils are usually of a con- 
siderable depth, which is said to average 40 to 60 feet.? 


@Jn his “ Physiography of the River Nile and Its Basin” (Cairo, 1906, p. 
339), Capt. H. G. Lyons gives the thickness of the sediment, as determined by 
eighteen borings made in various parts of the Delta and Valley of the Nile, as 
far south as Luxor. The average thickness, as shown by these borings, is 434 
feet. Es 
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The heavier soils are preferred for cotton culture in Egypt, as they 
are more retentive of moisture and lose their plant-food components 
less readily by leaching when irrigated. The silt loams, which have 
these properties in a high degree and are at the same time much less 
difficult to work than the clay loams and clays, are probably the most 
valuable of Egyptian soils. On the average, cotton is grown on 
much heavier land than in the United States. On the light soils in 
Egypt both yield and quality of fiber are said to be inferior. 

In point of soil fertility it is found that when an exhaustive crop 
like cotton is grown for any length of time the supply of nitrogen 
soon becomes insufficient and ultimately fertilizers containing phos- 
phoric acid are also found beneficial. Potash seems to be almost 
always present in adequate amount. 

Under the ancient irrigation system of Egypt, which consisted in 
turning the water of the Nile during its annual flood into a series of 
extensive basins, no diminution in soil fertility was observed. Under 
this system no other irrigation was ordinarily given and only one crop 

yas grown annually, wheat or barley being alternated with beans or 
clover. The nitrogen furnished by the leguminous crop, together 
with the small percentage of this element contained in the heavy de- 
posits of sediment * left in the basins after flooding, amply sufficed 
for the needs of the cereal crop. Nowadays the conditions are very 
different, since irrigations are given at frequent intervals, much more 
leaching takes place, less sediment is deposited, and cotton is exten- 
sively grown. Cotton is an exhaustive crop, especially under Egyp- 
tian conditions, since the seed, which contains about one-third of the 
nitrogen taken up by the cotton plant, is exported to Europe, with 
the exception of the small percentage that 1s required for planting. 

As far as possible leguminous crops are grown in rotation, but even 
these fail to supply all the nitrogen required by the cotton plant, and 
the remainder must be obtained from other sources. The chief 
nitrogenous fertilizers available are barnyard manure and the débris 
of old villages, which contains nitrogen equivalent to 2 or 3 per cent 
of nitrate of soda. The supply of these materials is much smaller 
than the demand, however, and the need of commercial fertilizers is 
becoming every day more apparent. 

Alkali resistance of the cotton plant.—In various parts of Egypt, 
especially in the northern part of the country, near the Mediter- 


«The Nile when highest carries in suspension at Cairo about 160 parts of 
solid matter per 100,000. This is a relatively small amount in comparison with 
that carried by the Colorado River at Yuma, Ariz., which averaged 700 parts 
per 100,000 throughout the year 1904. When we consider, however, that in 
Egypt the flood water stood in the basins for six weeks, depositing nearly all 
the material it held in suspension, we can infer that the total amount of sedi- 
ment left behind was by no means insignificant. 
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ranean, alkali soils occupy extensive areas. Sodium chlorid (common 
salt) seems generally to constitute the bulk of the salts present. The 
reclamation of these soils by washing and drainage has been under- 
taken on a large scale, partly by the government and partly by private 
capital. Cotton, which is usually put in at the earliest possible mo- 
ment on these “ washed lands,” has been shown by soil tests to be su- 
perior to most crop plants in its ability to withstand alkal. Near 
Alexandria a good stand of cotton was found by Means and Kearney 
to be growing where the first 2 feet of the soil contained 0.6 per cent 
of readily soluble salts, and occasional plants were able to withstand 
nearly 2 per cent.” 

The presence of a moderate amount of salt in the soil is generally 
considered in Egypt as beneficial to cotton. It is said to check the 
tendency to excessive growth, to hasten ripening, and to improve the 
length, strength, and color of the fiber.’- Even when considerably 
more than 1 per cent is present the strength of the fiber is said not 
to suffer greatly, although the length is impaired. 


VARIETIES GROWN. 


The varieties of cotton known as “ Egyptian ” are unquestionably 
of American origin. They belong to the same botanical species ((Gos- 
sypium barbadense) as the Sea Island varieties or to a closely related 
species. Like the Sea Island varieties they have yellow flowers, 
small, pointed, three-locked boHs (Pl. IV), and smooth black seeds. 
The bolls are chiefly borne at the ends of long branches rather than 
close to the main stem, as in most Upland varieties. The Egyptian 
varieties, as is shown in Plates II and III, make larger plants than do 
most American Upland varieties. It is said that in 1818 Sea Island 
cotton was introduced into Egypt from Georgia by a French agri- 
culturist named Jumel and that from this source the present Egyp- 
tian varieties are descended.“ Other authorities consider Egyptian 


@See T. H. Means, “ Reclamation of Alkali Lands in Egypt,” Bulletin No. 21 
of the Bureau of Soils, U. S. Department of Agriculture. Also T. H. Kearney ~ 
and T. H. Means, ‘‘ Crops Used in the Reclamation of Alkali Lands in Egypt,” 
Yearbook, U. S. Department of Agriculture for 1902, pp. 573 to 588 (especially 
pp. 586 and 587). 

6 Pertilizers containing phosphoric acid are said to produce the same effects 
and to counteract the excessive vegetative growth caused by too liberal appli- 
eation of nitrogenous manures. 

€Jn all likelihood they bave originated by mutation or discontinuous varia- 
tion, a phenomenon which would be very apt to appear in such narrow-bred 
local varieties as the Sea Island when transported to an entirely new environ- 
ment. The suddenness with which recently created Egyptian varieties have ap- 
peared and the obscurity attending their origin lend further probability to this 
view. The relative fixity of their characters during the first few years in which 
they are extensively grown argues against a hybrid origin, hybrids between 
different species of cotton being notoriously difficult to ‘ fix.” 
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cotton more nearly related to Peruvian cotton (Gossypium peru- 
vianum), which was also formerly grown in Egypt. 

While closely resembling each other in many of their characters and 
constituting a well-defined type, at least from an agricultural and 
commercial point of view, several well-marked varieties of cotton now 
exist in Egypt. At the present time the varieties that are chiefly 
grown are Ashmuni, Mit Afifi, Jannovitch, and Abbasi. 

Ashmuni.—Ashmuni is the oldest of the four varieties and was 
formerly the most widely grown, although now largely supplanted 
by more valuable kinds. Its fiber is relatively short (14 to 14 inches), 
and possesses neither the strength, fineness, nor luster of the Mit 
Afifi. In color it is pale brown. It ripens earlier than the other 
varieties and is considered to be the one that is best adapted to the 
hot, dry climate of southern Egypt, where alone it is now grown. It 
gives about 30 per cent of lint in ginning. Its average yield per 
acre is low compared with that of the other varieties, and its fiber 
sells for about one dollar less per hundred pounds. 

Mit Afifi.—In acreage and the total value of its product the Mit 
Afifi far exceeds all the other varieties. At least TO per cent of the 
total Egyptian acreage in cotton is of this variety.” 

Mit Afifi is the standard variety of the country, so much so that 
when Egyptian cotton is referred to, this variety is ordinarily meant. 
It is considered the hardiest variety grown in the country and the one 
that is surest to give a good yield of high-grade fiber under a great 
diversity of conditions. Mit Afifi was brought into cultivation about 
thirty years ago, and is said to have originated from a variety, now 
little grown, known as Gallini, which was itself of American Sea 
Island origin, if the local tradition can be trusted. Mit Afifi resem- 
bles the Ashmuni variety in so many ways, however, that it is more 
likely to have originated directly from the latter. The Mit Afifi 
variety has very strong and fine, lustrous fiber, averaging 12 to 14 
inches in length. When typical, it has a hght brown color, more pro- 
nounced than that of Ashmuni. In Egypt it turns out in ginning 
from 33 to 35 per cent of lint and its yield on “ good average soil ™ is 
said to be ordinarily from 500 to 600 pounds of fiber to the acre. 

Jannovitch—tThis is the most recent variety that is extensively 
grown. It is said to have developed about thirteen years ago as a 
cross between Mit Afifi and Gallini, although more likely a mutation 
from one or the other. It is considered to surpass all other Egyptian 
varieties in the strength and fineness of its fiber, as well as in length, 


@Pronounced as if spelled Mit Afeefy. 
bIn 1906, 75.5 per cent of the total crop was Mit Afifi, 15 per cent Ashmuni, 
5.5 per cent Jannovitch, and 2.7 per cent Abbasi. 
34230—Bull. 128—08 
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averaging 14 to 12 inches. Its silkiness, luster, and delicate cream 
color make it one of the most beautiful cottons in existence. The 
quality of the fiber from the different pickings is said to be more 
uniform in this than in the other Egyptian varieties. In yield per 
acre it is inferior to Mit Afifi, the difference amounting, it is said, to 
10 per cent. In ginning, its percentage of lint falls below that of Mit 
Afifi, averaging 30 to 314. Notwithstanding this fact, Jannovitch 
generally brings from $2 to $2.50 more than Mit Afifi per 315 pounds 
of seed cotton (the unit on which prices are based in Egypt). This 
variety is said to succeed best on the more or less salty land near the 
seacoast. It is regarded as more liable than Mit Afifi to premature 
opening of the bolls and loss of fiber. In 1902, however, when condi- 
tions in Egypt were generally unfavorable to cotton, Jannovitch sutf- 
fered less than did Mit Afifi. 

Abbasi—The Abbasi much resembles the American Sea Island 
varieties. It has a fine, silky fiber, pure white in color, and somewhat 
longer but not so strong as that of Mit Afifi. The percentage of lint 
is about the same as in Mit Afifi. In the Abbasi variety the lint 
obtained at the first picking is said to be of much better quality than 
that from later pickings, the difference in this respect being more 
marked than in other Egyptian varieties. First picking Abbasi some- 
times sells for a higher price than any other Egyptian cotton. Abbasi 
is reputed to be more drought resistant than Mit Afifi and under 
favorable conditions to give heavier yields. The bolls of Abbasi are 
exceptionally long and sharp pointed. 

Nubari.—Very recently a variety known as Nubari has originated 
in the Nile Delta. It is described as intermediate between Mit A fifi 
and Jannovitch, having stronger and more lustrous fiber than the 
former. 

QUALITY AND GRADES OF EGYPTIAN COTTON. 


Many grades of each variety are distinguished by importers of 
Egyptian cotton. The cotton is graded twice, once before ginning 
and again at Alexandria, where it is rebaled for export. Such 
characters as strength, fineness, uniformity, color, luster, and per- 
centage of waste are all taken into account in fixing the grade to 
which a particular sample belongs. The length appears to vary 
but little in the different varieties. The amount of “ trash ” present 
is a very important factor in grading this class of cotton. 

Much anxiety has recently been felt in Egypt on account of the 
evident deterioration of the leading varieties. Mit Afifi especially 
is showing much less constancy than formerly in the brown color of 
its fiber, a character that is of much importance in this variety. 
Spinners also complain that the twist of the fiber, upon which its 


strength largely depends, is becoming less pronounced. Even re- 
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cently created varieties like Abbasi and Jannovitch are every year 
less true to type. The belief in Egypt is that this degeneration is 
due primarily to lack of care in the choice of seed for planting. 
It is thought that only careful selection can preserve and improve 
the varieties and this is now being undertaken both by the govern- 
ment and by individual growers. Special attention is being given 
to keeping up the brown color and other characters of Mit Afifi, 
which is justly regarded as the standard Egyptian cotton. 


CULTURAL METHODS. 


Owing to the cheapness of labor in Egypt, fifteen cents a day 
being the ordinary wages, the cultural methods in use there could 
not be followed in the United States without considerable modifica- 
tion. Nevertheless, a brief description of the Egyptian system will 
undoubtedly afford useful suggestions to those intending to grow 
cotton under irrigation in the Southwest. 


PREPARATION OF THE LAND. 


A two-year rotation is most frequently practiced in Egypt and 
is generally as follows: During the first year, clover (berseem) is 
grown as a winter crop, followed by cotton in summer. When the 
cotton is removed, a winter crop of either beans or wheat is sown 
and is harvested the following June. The land is then either left 
fallow during the second summer or corn is sown in July as a “ flood 
crop,”’* and is followed by berseem sown in the autumn. In the 
third spring cotton is again planted. Formerly it was more common 
to use a three-year rotation, which resembled the preceding, except 
that during the second winter either beans or clover were grown and 
during the third winter wheat or barley, followed by a second crop 
of corn. 

When cotton follows corn or a fallow the land can be put into 
excellent shape for planting, being generally plowed in the fall as 
soon as the corn is removed. But if cotton is to be planted imme- 
diately after clover, the conditions are likely to be less satisfactory. 
Much of the cotton is grown by small farmers who are unwilling to 
plow up the clover upon which they mainly depend for forage for 
their domestic animals until just before the time arrives for planting 
cotton. Consequently, the land is apt to be full of undecomposed 


4 This late planting allows the corn crop to be abundantly irrigated through- 
out its growth, the Nile being at flood during the late summer and early fall 
months. During the first part of the summer, when the river is lowest, it is 
often necessary to devote all the available water to the cotton crop, to which, it 
necessary, everything else is sacrificed. 
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roots and to be wet, plowing up into clods. A poor stand of cotton 
and much replanting are the results. Except on the least fertile 
soils, it is found that the cotton crop is injured rather than benefited 
by immediately following clover. An intervening crop of grain or 
a period of fallow is necessary to secure the greatest possible benefit 
from the clover. 

The importance of thorough preparation of the land before plant- 
ing cotton is fully appreciated in Egypt. Cotton roots descend deep 
into the soil, and it is found that the deeper the plowing has been the 
better the plants withstand drought in case of a shortage of irriga- 
tion water. On large estates steam plows are now generally used, 
and the soil is turned over in the fall to a depth of 12 inches. But 
the great bulk of the cotton acreage is worked with the primitive 
plow of the country, drawn by a team of oxen, which loosens the soil 
to a depth of only about 6 inches, without turning it. If, as is now 
often practiced, a second plow follows the first in the same furrow, 
the soil can be worked to a considerably greater depth. Four plow- 
ings, two at right angles to the others, are usually given in preparing 
land for cotton. After plowing, the soil is frequently harrowed and 
then rolled to break up clods. Care is taken, however, not to pulver- 
ize the heavier soils too thoroughly, as in that case they tend to bake 
and crack, thus losing much moisture. 

When these operations are completed the land is at once ridged. 
Ridging is usually done with the native plow, the width of the furrow 
being increased by stuffing sacking or some other bulky material into 
the angle between the beam and the share. The ridges are then 
shaped into beds by men working with the * fass,” or short-handled 
hoe, a tool that is indispensable to the Egyptian agriculturist. The 
beds are usually made about 36 feet long, this being the average dis- 
tance between the borders that intersect the beds at right angles, 
dividing the field into “lands” for irrigation. Cotton is irrigated 
by the furrow method in Egypt, and this is usually managed so that 
six or seven furrows can be irrigated together. 

Farm manure, which costs about 20 cents a ton in most parts of 
Egypt, when used at all is put on at the rate of 10 to 15 tons to the 
acre. Old, well-rotted manure is preferred. Most frequently the 
manure is applied after the plants are above ground, being either 
hoed into the furrows or scattered at the roots of each plant, a labori- 
ous operation, only possible in a country where labor is as cheap as 
itisin Egypt. Often, however, the manure is put on before planting. 
Sometimes it is spread before the ridges are made, but more fre- 
quently it is placed in the furrows and subsequently covered up by 
splitting the ridges. Where cotton immediately follows a crop of 
berseem, manure is not generally used. 

128 


CULTURAL METHODS IN EGYPT. at 


PLANTING. 


Planting is done chiefly in March, although, especially in southern 
Egypt, it sometimes begins as early as the 10th of February. There 
is a general conviction in Egypt that early planting gives the best 
results, the stand being better and the plants producing less wood 
in proportion to fiber. It is believed that better yields and a better 
quality of fiber are thus obtained. The cold winds frequent in 
March are said to cause least injury to early-sown cotton. As far as 
possible replanting should be avoided, since it is difficult to manage 
the earlier irrigations without injury to some of the plants if these 
are in different stages of growth. 

Cotton is planted closer than in the southern United States, not- 
withstanding the fact that the plants of Egyptian varieties make a 
larger growth than American Upland varieties. The average dis- 
tance between the rows is only about 2} feet and the “hills” are 
usually 15 or 16 inches apart in the rows, with two plants in each hill. 
Hence the average number of plants to the acre is about 26,000. The 
general opinion in Egypt is that even in the best soils the distance be- 
tween the rows can not be made more than 3 feet or that between the 
“hills * more than 2 feet without diminishing the yield. 

Seed is planted at an average rate of 1} bushels per acre. It is put 
in on the side of the furrow, about two-thirds of the distance from the 
bottom. In planting, a man with a “ fass,” or short-handled hoe, 
goes up and down the rows, making holes at intervals of 15 or 16 
inches. He is followed by a boy, who drops into each hole 8 or 10 
seeds, covering them to a depth of 2 or 3 inches. Usually ten or 
twelve days are required for germination. 


IRRIGATING. 


A watering is usually given immediately after planting, although 
sometimes the field receives an irrigation just before planting is 
begun. In the latter case the furrows are filled about two-thirds full 
and the seed is put in along the high-water mark. When the second 
or “ wet” method of planting is followed, it is easier to put in the 
seed at a uniform level, but on the other hand the land becomes so 
dry before it is possible to determine whether replanting will be neces- 
sary that another irrigation must first be given, and this delays re- 
planting a week or ten days longer. 

The second irrigation generally takes place about thirty-five days 
after planting. It is found that the best results are obtained if this 
watering is postponed as long as can be done without injury to the 
plants. This causes the roots to strike deep into the soil from the 
outset, stimulates the plant to branch from the base, and prevents the 
lower part of the stem from making a soft and weak growth which is 
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later unable to hold up the weight of bolls. This watering is a 
light one, the water not being allowed to stand high enough in the 
furrows to reach the plants. From twenty-five to thirty days elapse 
between the second and third irrigations and about twenty days be- 
tween the third and the fourth. The fourth usually occurs some 
{ime between May 20 and the Ist of June. Thereafter, until the end 
of August, two waterings monthly are generally given. When the 
Nile is very low, however, it is sometimes necessary to increase the 
interval between irrigations to three weeks and to restrict the amount 
of water that can be applied each time. 

Altogether, ten irrigations are commonly given between the date 
of planting and that of the first picking, care being taken so to time 
the last watering that the soil will become dry before picking should 
begin. A watering is given as soon as the first picking is completed, 
and often one between the second and third pickings. It is estimated 
that cotton receives at each watering about 34 acre-inches, or an 
average total of 3 to 34 acre-feet of water during the whole season. 

The tendency in Egypt, as in other countries where irrigation is 
practiced, is to apply more water than the crop really needs. Exces- 
sive irrigation causes too rank a growth, dropping of the bolls, and 
late ripening, besides injuring the quality of the fiber. It is well 
known that in years when the water supply is low and the amount of 
water that can be applied is restricted by the irrigation service, the 
crop is frequently larger and of better quality than when a freer use 
of water is permitted. Thus, in 1899, when the Nile was unusually low, 
it was observed that in many localities the fiber was longer and finer 
than that produced the year before, when water for irrigation was 
more plentiful. There is a minimum, however, below which it is not 
safe to go in irrigating cotton. In localities where the supply of 
water is normally small it was quite inadequate in 1899. As a result, 
the plants were abnormally small, the vields were low, and the fiber 
was short. It is interesting that in 1899 the product was most in- 
ferior in the very districts which in ordinary years have the highest 
reputation for the quality of their cotton. On the other hand, dis- 
tricts where an excessive amount of water is generally used and where 
the quality of the fiber is usually inferior, produced the best cotton 
grown in Egypt in 1899. 


CULTIVATING. 


Cultivating is performed entirely by hand in Egypt, even on the 
large estates where modern machinery is used in other agricultural 
operations. In fact, the cotton rows are too close together to allow 
the use of a horse cultivator for any considerable length of time after 
the plants are above ground. The work of cultivating is very onerous, 
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owing to the universal use of a short-handled hoe, which requires the 
laborer to assume a stooping position. 

On well-managed farms a hoeing is given as soon as the plants are 
well above ground. It is considered desirable to thin the rows before 
the second watering, which, as we have seen, is given about thirty-five 
days after planting. The two strongest plants are then left in each 
“hill.” At the same time some farmers give the beds another hoeing. 
When the soil has dried sufficiently after the first watering that 
follows planting, the second (or third) hoeing is given. In the prac- 
tice of many farmers, however, this is the first hoeing that is given. 
The third (or fourth) hoeing follows the third irrigation (sixty or 
sixty-five days after planting), and the fourth (or fifth) hoeing 
takes place after the fourth watering (eighty to eighty-five days after 
planting). This is usually the last hoeing, the growth of the plants 
thereafter making tillage impracticable. From that time until the 
first picking begins the crop requires no labor except that involved in 
irrigating. More frequently only three or four hoeings are given, 
either the first or second, as above described, and sometimes both 
being omitted by all but the best farmers. 

The hoeings are so managed that earth is each time brought up 
around the plants from the opposite edge of the furrows, which are 
thus gradually moved in one direction across the field. Consequently 
the plants, which at the outset stood on the slope of the -furrows at 
the edge of the beds, are at the top and in the center of the beds by 
the time the third hoeing is completed. 


PICKING. 


Cotton picking begins in southern Egypt before the end of August, 
but in the Delta region, where the bulk of the crop is grown, the first 
picking generally commences about September 10. A second picking 
is made in October and a third in November. Sometimes a fourth 
picking is made, while occasionally the whole crop is harvested in two 
pickings. It is considered especially important with Egyptian cotton 
to begin picking as soon as enough bolls are ripe to make it worth 
while, since long exposure to the sun is said to cause the brown color 
to fade. Asa rule 35 per cent of the total crop is harvested at the 
first picking, 45 per cent at the second, and 20 per cent at the third, 
but these proportions vary considerably from year to year. The fiber 
from each picking is graded and marked separately, that from the 
first picking being generally the best and that from the third picking 
the poorest. This work is done largely by children, who pick on an 
average 30 to 40 pounds of seed cotton a day, for which they are paid 
at the rate of 18 to 20 cents per hundred pounds. The seed cotton is 
packed in sacks holding about 400 pounds and is then ready for ship- 
ment to the ginnery. 
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GINNING AND BALING. 


The product is generally sold where it is grown, as seed cotton, and 
is transported by the buyer to one of the ginneries which are located 
in various parts of the cotton-growing region. Most of these estab- 
lishments operate a large number of gins. Some of them have a daily 
capacity of 300 Egyptian bales (about 200,000 pounds of lint). 

As in the case of Sea Island cotton in the United States, the roller 
gin alone is used, since the saw gin employed for American Upland 
cotton injures the long-staple Egyptian varieties. The ginned fiber is 
shipped, usually in rough bales, to Alexandria. There it passes 
through compresses and is turned out in the neat bales, bound with 
eleven hoops, in which Egyptian cotton reaches the European and 
American markets. These bales, although smaller than the average 
American compressed bale, weigh from 700 to 800 pounds. They are 
about one and one-half times as compact as the American bale, the 
average density being 35.8 pounds per cubic foot in the Egyptian and 
23.6 pounds in the American bale. 


YIELDS AND MARKETS.? 


The cotton production of Egypt is large in proportion to the area 
annually devoted to this crop, which during the four years from 1903 
to 1906 averaged 1,500,000 acres. Practically the entire crop, both 
lint and seed, is shipped to Europe and America, so that the statistics 
of exports fairly represent the total production of the country. Dur- 
ing the nine years from 1898 to 1906 the total exports averaged 
611,872,285 pounds of fiber. Assuming that the area in cotton during 
these years averaged 1,500,000 acres, the yield per acre for the whole 
country during this period was about 408 pounds.’ When carefully 
chosen seed of good varieties is used and the soil and cultural condi- 
tions are favorabie, yields of 800 and, in exceptional cases, of even 
1,100 pounds of fiber are obtained. 

Of the total exports of cotton from Egypt during the nine years 
from 1898 to 1906 about 50 per cent went to the United Kingdom 
(Great Britain and Ireland). The United States was among the 
heaviest importers, ranking third in 1902 and second in 1903. Rus- 
sia, Austria, France, and Italy also imported large quantities. Nearly 
all of the principal countries in Europe obtain cotton from Egypt, 
and even India and Japan receive some of the product. 


a@The statistics given in the following pages were furnished by Mr. G. K. 
Holmes, Chief of the Office of Foreign Markets, Bureau of Statistics, U. S. 
Department of Agriculture. 

In 1904 Mr. George P. Foaden estimated the average yield per acre at about 
410 pounds. See Bulletin No. 62 of the Bureau of Plant Industry, 1904, p. 43. 
Mr. A. A. Haserick estimated the average yield per acre to have been only 360 
pounds in 1905, 
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The importation of cotton from Egypt into the United States has 
been very considerable in recent years. In 1902 the high-water mark 
of 81,325,158 pounds was reached, but this figure was very nearly 
equaled in 1907, when 78,783,913 pounds were imported. 

The following table shows the amount imported during each of the 
ten years from 1898 to 1907: 


Taste I1V.—Imports of cotton fiber from Egypt into the United States during 
the years 1898 to 1907, inclusive. 


Year. Pounds. 
TSH eta os eee Dee ei ee a ee ee ee 38, 165, 061 
STG) 8 eee lel es soe eo 57, 506, 062 
G0) 0) Rete ea ey et = eee ee 53, 554, 586 
ie UI ees 5 De PE 2 A eo ee ee 34, 735, 682 
TS) OG See Se ee eee ee ee 81, 325, 158 
TMM eS ee 8 oe Bee ee Se ee 638, 554, 773 
GLO bee Sao ie os Ph ee gn I ee 39, 249, 878 
WO Oy ee ee oe ee ee ee ee 52, 436, 673 
Tho UE eee hee Sk ESS i ee LE ee ee eee 57, S60, S14 
ESN 07) epee See ae a Re re 78, 783, 913 
PAN" (Guee Wefewes Mes ee ee ee ee ee 53, 717, 260 


In addition, there has been during the same period an average 
yearly importation into the United States of cotton from the United 
Kingdom to the extent of 8,536,357 pounds. The greater part of this 
is undoubtedly Egyptian cotton. 

The table that follows gives the average price per pound of 
Egyptian cotton in the Alexandria, Liverpool, and Boston markets 
during each of the ten years from 1898 to 1907. The Alexandria 
prices are those of cotton that was exported to the United States. 
The Liverpool prices are those of “ good, fair Egyptian.” For com- 
parison the average prices of American Middling Upland on the 
Liverpool and Boston markets during the same period are added. 
TapLeE V.—Average prices, in cents per pound, of Egyptian and American Mid- 


dling Upland cottons on the Alexandria, Liverpool, and Boston markets, from 
ISIS to 1907, inclusive. 


American Middling 


: Egyptian. Upland. 
Year. ’ aN nl é 
Alexandria. Liverpool. Boston. Liverpool.) Boston.? 

Cents. Cents, Cents. Cents. Cents. 
j Ot ee ae 9.3 9.0 10.1 6.7 5.9 
to ee ar ae 9.9 10.7 11.5 7.2 6.5 
ht) Ses eS eae 11.5 15.0 14.7 11.1 9.5 
LOD 3 ? 15.0 11.8 18.5 9.6 8.7 
() 1 ae ee i yf 13.9 13.7 9.7 8.9 
11? 15 es ae Es 14.6 17.8 16.1 12.2 11.0 
Flaite oe ‘ 17.9 16.2 17.3 13.4 12.5 
iC) 1 Cie es ee 15.6 14.8 15.9 10.3 9.3 
ot ae ees 15.5 19.8 18.7 14.1 11.0 
1907=<.... a 20.3 21.4 21.9 13.2 11.8 
Average-- 14.1 15.0 15.3 10.7 9.5 


. 


“Mean closing prices for “spot” cotton, compiled from the ‘* Commercial and Finan- 
cial Chronicle *’ (published in New York). 
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The table shows that during the last ten years there has been an 
advance in the price of Egyptian cotton corresponding closely to the 
rise in price of American Upland cotton. The ruling price for the 
latter evidently largely determines that at which Egyptian cotton 
is quoted. The difference between the Alexandria and the Boston 
prices, averaging 1.2 cents per pound, presumably represents the 
cost of transportation, insurance, and other fixed charges between 
these ports. 

The average price of Egyptian cotton on the Boston market during 
the past ten years has been a ttle more than one and one-half times 
that of American Middling Upland, but in 1907 Egyptian cotton 
sold on the average for nearly twice as much as Upland. Jt must 
be remembered that there is a great diversity in Egyptian cotton, 
some of it bringing much higher prices than are represented by the 
average for the “ good fair” grade. It is a conservative estimate 
that Egyptian cotton of the quality which experiments have demon- 
strated can be produced in the southwestern United States will be 
worth more than one and one-half times as much as Middling Upland 
cotton. In 1903, when the price of “ good fair” Egyptian averaged 
144 cents per pound at Alexandria, a cotton buyer at that place esti- 
mated the Jannovitch grown the year before at Calexico, Cal., as 
worth 21 to 22 cents. 


USES OF EGYPTIAN COTTON BY AMERICAN MANUFACTURERS.* 


The variety of Egyptian cotton that is most used by American 
manufacturers is Mit Afifi, which constitutes at least three-fourths of 
the total imports. The grade most largely used averages 12 inches 
in length and furnishes numbers of yarns up to 70’s and 80’s. Jan- 
novitch, and to a small extent Abbasi, averaging 14 to 12 inches in 
length of fiber, are used as a substitute for the lower grades of Sea 
Island in manufacturing fine yarns (100’s and upward). A small 
quantity of the inferior Ashmuni variety is also imported. 

There are four principal reasons for the extensive use of Egyptian 
cottons in the United States: (1) They are best adapted to mer- 
cerizing and other processes that give a high finish to the cloth and 
cause it to resemble silk; (2) their exceptional clearness (freedom 
from nep) and luster, as well as their capacity for taking dyes, fit 
them for mixing with silk and for filling sateen, India linens, and 
similar goods having a brilliant surface; (3 ) the brown color of Mit 
Afifi fines allows it to be used without dyeing in manufacturing goods 
ste as Balbriggan peony ear? and lace curtains, in which the ecru 


@ Based upon information Gniecre furnished by some thirty of the principal 
importers and manufacturers of Hgyptian cotton in the United States. 
> Although less in demand for this purpose than formerly. 
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shade is desired; (4) they can be used for the manufacture of sew- 
ing thread and other articles which need to be very strong and for 
which no other type of cotton but Sea Island is suitable. Owing to 
the higher price of the latter, Egyptian cottons can in many cases 
be advantageously substituted. 

Among the various classes of goods wholly or partly made from 
Egyptian cottons may be enumerated lawns, sateens, twills, serges, 
and fabrics for covering umbrellas, as well as other highly finished 
cotton cloths. In these goods they are used largely as weft or filling. 
They are especially suited for making heavy fabrics that must also 
be soft and fine. Their fineness and luster adapt them to mixing with 
silk in cloths, floss, and braids. They are largely used in the manu- 
facture of sewing thread and of fabrics for insulating and for 
bicycle and automobile tires.¢. The lower grades of Mit Afifi are much 
employed for hosiery yarns. 

Except in cases where the brown-colored fiber is especially desired 
there seems to be little reason for preferring Egyptian to Sea Island 
cotton, although one manufacturer reports that within the range of 
the numbers used, the former furnishes a cleaner and better-looking 
filling than either Sea Island or Peeler (long-staple Upland) cottons. 
The highest grades of Sea Island have longer and finer fiber than any 
other cotton and therefore make stronger and finer yarns and thread. 
For these grades the Egyptian can not be substituted,’ but in manu- 
facturing various classes of goods the somewhat lower price of Egyp- 
tian cottons allows them to be used to advantage in place of the lower 
grades of the Sea Island, especially when the supply of the latter is 
below the normal. 

On the other hand, manufacturers seem to be generally agreed that 
for a number of purposes the Egyptian types can not be replaced by 
American long-staple Upland or Peeler cottons. The former have 
fiber that is stronger, finer, and more lustrous or “ classy ” than cor- 
responding lengths of the long-staple Uplands, and give yarns, 
thread, and cloths that are stronger and clearer (i. e., freer from 
“nep”) than can be made from the latter... There seems to be no 


@When prices permit, however, Sea Island is preferred for the last purpose, 
except for the manufacture of goods that are not to be exposed to very hard 
usage. 

One manufacturer of thread states: ‘‘We do not know of any Egyptian 
cotton which can successfully compete with Sea Island for counts [of yarns] 
finer than No. 110’s.” 

¢ This freedom from nep or knots is one of the most desirable characteristics 
of goods manufactured from Egyptian cotton. It is somewhat questionable, 
however, whether it is not partly due to the fact that in Egypt roller gins are 
exclusively used in separating the fiber. 
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question of the superiority of the Egyptian over the long-staple Up- 
land varieties in manufacturing strong sewing thread and cloths in 
which a smooth, lustrous finish is desired. 

Apart from specific qualities of the fiber, American manufacturers 
give other reasons for preferring Egyptian cotton. They state that it 
is usually more carefully ginned, graded, and baled and is apt to be 
freer from trash and short fiber, hence giving less waste in carding 
and combing than either Sea Island or long-staple Upland cottons. 
Egyptian cotton is also esteemed for its evenness of staple, the dif- 
ferent grades showing little variation in this respect from year to year. 


EGYPTIAN COTTON CULTURE IN THE UNITED STATES. 
AREAS ADAPTED TO THIS TYPE OF COTTON. 


The Egyptian varieties are apparently best adapted to culture 
under irrigation in regions where there is practically no rainfall 
during the growing 
season. The only 
part of the United 
States where these 
conditions exist and 

where at the same 

SO Sin bemartins? Y\_we> || time the summers 
ns . =| are long and _ hot 
eat enough for profit- 
able cotton culture 
is the extreme 
Southwest, from 
western Texas to 
southern California. 

Since this type of cotton will continue to produce bolls and ripen 
fiber until a hard frost occurs, it is obvious that the largest yields can 
be obtained in regions where the autumn temperatures are highest. 
We must therefore conclude that the greatest success with Egyptian 
cotton is to be expected in southern Arizona and southeastern Cali- 
fornia—a conclusion that is supported by the experience so far gained. 
The valleys of the Salt River and of the Colorado River (Yuma 
Valley) in Arizona and the Imperial Valley in California have been 
found to be admirably adapted to the production of this type of cot- 
ton. The location of these districts is indicated on the map (fig. 1). 
Tt will be well to note briefly the physical characteristics of this 
region before proceeding to a discussion of the experiments that have 


been carried on there with Egyptian cotton. 
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Fig. 1.—Map of Arizona and southern California, showing the 
location of the Salt River, Yuma, and Imperial valleys. 
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CLIMATE. 


Meteorological records covering periods of several years are avail- 
able for Phoenix and Yuma, Ariz. Data as to temperatures and at- 
mospheric humidity “at these localities have already been given in 
connection with the discussion of the climate of the cotton-growing 
district in Egypt. These two stations represent, respectively, the Salt 
River Valley and the Yuma Valley. In the Imperial Valley observa- 
tions have been taken only during the past three years and under 
conditions that make a direct comparison with Phoenix and Yuma of 
doubtful value. 

Temperatures (see Table I) are slightly higher at Yuma than at 
Phoenix, the annual mean temperature, mean of the maximum, and 
mean of the minimum temperatures being each 2 degrees F. higher at 
the former locality. At Yuma the méan of the annual absolute maxi- 
mum temperatures is 113° and that of the annual absolute minimum 
temperatures is 29° F. It should be noted, however, that in the Yuma 
Valley itself the minima are undoubtedly lower than at the Yuma 
Weather Bureau station where observations are taken, the latter be- 
ing situated at a somewhat higher elevation, adjoining the mesa which 
borders the valley. Severe frosts frequently occur in the valley from 
the middle of November to the first of March. 

The rainfall at both Phoenix and Yuma is so small as to be prac- 
tically neghgible from the point of view of cotton culture. At 
Phoenix it is 6.8 inches yearly, while at Yuma the average is only 2.7 
inches. The difference is most pronounced in the summer and early 
autumn, when there is considerable precipitation in the Salt River 
Valley, but practically none in the valley of the Colorado. 

As regards atmospheric humidity (see Tables II and III), the 
air normally contains considerably more moisture at Yuma than at 
Phoenix. This is true in every month of the year except January, 
although the difference is most pronounced during the months from 
May to September. The mean annual relative humidity (in per- 
centages of saturation) is 38 at Phoenix and 46 at Yuma. The mean 
annual absolute humidity (in weight in grains of the water vapor 
in a cubic foot of air) is 2.8 at Phoenix and 3.9 at Yuma. 

In the Imperial Valley the temperatures are probably normally 
higher than at either Phoenix or Yuma. This is indicated by the 
fact that in 1906 the annual mean of the maximum temperatures 
at Heber (8 miles south of Imperial and 57 miles due west of 
Yuma) was 88° F.,. while at Yuma it was 85° and at Phoenix 83° F. 
On the other hand, the annual mean of the minimum temperatures 
was the same at Heber as at Phoenix (56° F.), but was 2 degrees 
lower than at Yuma. The annual mean temperature at the three 
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localities in 1906 was as follows: Heber and Yuma, 72°; Phoenix, 
TOP CHEE 

The rainfall in the Imperial Valley is probably about the same as 
at Yuma. At Salton, Cal., the nearest locality at which measure- 
ments have been made during a series of years, -the average total 
yearly rainfall is 2.5 inches. 

Data are lacking for a satisfactory comparison of the atmospheric 
humidity in the Imperial Valley with that in the Salt River and 
Yuma valleys, but there is reason to believe that the air is normally 
drier in the Imperial Valley than at either of the Arizona localities. 

As has already been remarked, the climate of southern Arizona 
and southeastern California is more extreme than that of the por- 
tion of Egypt where cotton culture is carried on, the summers being 
hotter and the winters colder; furthermore, the mean humidity of 
the atmosphere is much lower in the southwestern United States 
than in the Delta of the Nile. In Egypt the comparatively moist 
condition of the atmosphere that prevails during the period when 
cotton is ripening is considered an important factor in the production 
of a high quality of fiber, but experience in the southwestern United 
States has demonstrated that the Egyptian varieties of cotton can 
adapt themselves to a much drier atmosphere than that prevailing 
in the Nile Delta without injury to the quality of their fiber. 

In point of temperature the climate of southern Arizona and south- 
eastern California is an ideal one for cotton of the Egyptian type, 
which differs from Upland varieties in requiring a much longer sea- 
son and a much greater sum total of heat in order to produce its 
maximum yield of fiber. The usual absence of killing frosts after 
the 1st of March makes it possible to plant earlier than in most parts 
of the cotton belt of the United States. The long, very hot summer 
permits the formation of the greatest possible number of bolls. 
Finally, the warm weather that ordinarily prevails until the Ist of 
December is highly favorable to ripening and allows four or five 
pickings to be made. 

Another great advantage in growing this type of cotton in the 
Southwest is the very smal] precipitation. Cotton growing under 
rainfall has certain disadvantages that are avoided when the crop is 
produced under irrigation in a nearly rainless region. In the main 
cotton belt of the United States preparation for planting must often 
be delayed until the ground dries out sufficiently to be worked. Dry 


4Jn comparing these records it must be borne in mind that at Heber the 
cbservations were made at a height of only 5 feet from the surface of the 
ground, while at Yuma they were made at a height of 16 feet, and at Phoenix 
of 47 feet. 
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spells may occur in spring when the plants should be making their 
most vigorous growth. Prolonged wet spells in late summer and 
early fall may retard ripening, interfere with picking, and injure the 
ripe fiber by beating it out of the open bolls and discoloring it. Under 
irrigation in regions of little rainfall these drawbacks are avoided. 
The soil moisture is under the control of the farmer. By giving rela- 
tively large amounts of water during the early stages the plants are 
stimulated to make a vigorous growth. Later in the season, the 
production of bolls and the ripening of the fiber can be hastened by 
using water sparingly. Furthermore, the ground need never be wet 
at the time when picking should commence, and there is no dan- 
ger of the discoloration of the fiber through a period of rainy weather 
at the time of ripening. This is a very important consideration as 
regards the principal Egyptian varieties of cotton, in which good 
color is a valuable characteristic. 

Apart from the general advantages that irrigation affords in con- 
nection with cotton growing there is some reason to believe that it is 
characteristic of the Egyptian varieties to give better results when 
grown in regions of small rainfall where artificial watering is neces- 
sary. An expert on the subject in Egypt’ told one of the writers in 
1902 that Egyptian varieties, when tested in the Sudan, underwent 
from 15 to 20 per cent of deterioration in localities where the rainfall 
was sufficient to produce a crop, but deteriorated only 2 to 3 per cent 
where irrigation had to be practiced. In the former case the staple 
was shorter and the seeds tended to become covered with short fiber. 


SOILS.? 


The soils of the Salt River, Yuma, and Imperial valleys vary in 
texture from a sandy loam to a heavy clay, or adobe. In the Im- 
perial Valley the average soil is heavier than in the Salt River and 
Yuma valleys, resembling much of the soil of the Nile Delta. These 
soils often show great diversity in a field of a few acres, the variation 


@Mr. Benachi, of the firm of Choremi, Benachi & Co. 

‘>For a fuller account of the soils of the Colorado River region, the reader is 
referred to the following publications of the Bureau of Soils, United States De- 
partment of Agriculture: (1) Soil Survey in Salt River Valley, Arizona, by 
Thomas H. Means; Field Operations of the Division of Soils in 1900, pp. 287 to 
soz, 1901. 2) Soil Survey around Imperial, Cal., by Thomas H. Means 
and J. Garnett Holmes; Field Operations of the Bureau of Soils in 1901, pp. 587 
to 606, 1902. (8) Soil Survey of the Yuma Area, Arizona, by J. Garnett Holmes; 
Field Operations of the Bureau of Soils in 1902, pp. 777 to 791, 1903. These 
publications give the area and distribution of the different types of soils in the 
three valleys and also the area and distribution of the different grades of alkali 
soils. 

128 


32 EGYPTIAN COTTON IN THE SOUTHWESTERN UNITED STATES. 


being especially noticeable when the land is first brought under culti- 
vation. The lighter soils are generally regarded as the best for culti- 
vated crops; they work readily, are easily kept in a tillable condition, 
and can be cultivated soon after irrigation.” The heavy soils are 
well adapted to growing alfalfa and cereals. It may be observed 
that the physical condition and water-holding capacity of most 
southwestern soils could be greatly improved by the addition of 
organic matter in the form of barnyard manure, by plowing under 
green-manure crops, or by including alfalfa in a long-period rota- 
tion. 

While for the most part the soils of the Salt River, Yuma, and 
Imperial valleys are naturally very fertile, it is probable that if 
cotton becomes an important crop in the region leguminous crops 
will have to be grown in rotation with it in order to keep up the 
supply of nitrogen, since the cotton plant draws heavily upon this 
element. 

Alkali is found in more or less injurious quantities in various 
parts of these three valleys. As a rule the alkali accumulations 
are found principally in the upper 3 or 4 feet of sotl and are often 
largely concentrated in the surface foot, to which they are raised 
by capillary activity, aided by the great evaporation which -is 
characteristic of that region. The alkali is chiefly the less injurious 
“white alkal,’ consisting mainly of sodium chlorid and sodium 
sulphate. “ Black alkali” (sodium carbonate), which gives the soil 
an alkaline reaction in the true chemical sense, is seldom present in 
dangerous quantities. It is probable that only a small percentage 
of the total area capable of irrigation in the Salt River, Yuma, and 
Imperial valleys contains enough of these salts to seriously hinder 
the growing of cotton, which, as has already been stated, is one of 
the most alkali-resistant crop plants. 


WATER SUPPLY. 


In the Salt River Valley the area at present in cultivation, which 
was estimated in 1900 to amount to 120,000 acres, is supphed with 
water by a number of canal systems that have been established by 
private capital. The United States Reclamation Service has recently 
undertaken the irrigation of this valley, and is now constructing 
a great impounding dam on the Salt River above Phoenix, which will 
increase the acreage under irrigation and insure an adequate supply 
of water at all times. The Government system is expected to provide 
water for irrigating 200,000 acres of land, including that which is 
now in cultivation. 


“In Egypt, however, the heavier soils are preferred for cotton culture. 
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In Yuma Valley only about 3,000 acres are now under irrigation 
throughout the year, all of this land being situated within a few miles 
of the town of Yuma. The water used in irrigating this area is 
pumped from the Colorado River. The United States Reclamation 
Service is now constructing an irrigation system, including a large 
diversion dam on the Colorado, which will provide gravity water for 
approximately 90,000 acres, four-fifths of which is located on the 
Arizona side of the river. 

The Imperial Valley comprises approximately 500,000 acres of irri- 
gable land in the United States, of which about 100,000 acres were 
actually under irrigation in 1905. This area is supplied with water 
from the Colorado River, the irrigation system being owned by a 
private corporation. 

There are also a number of smaller areas along the Colorado and 
Gila rivers that are, or can be, irrigated with water from these rivers. 

The total area that will be under ditch in the course of a few years 
in the Colorado River region can be conservatively estimated at 
600,000 acres. During the last ten years the United States has 
imported an average amount of Egyptian cotton equivalent to about 
120,000 American bales. Since the performance of the Mit 
Afifi variety at Yuma in 1907 gives good ground for anticipating 
yields of one to two bales to the acre in this region, it may be reason- 
ably expected that one-fifth of this estimated total acreage will be 
able to supply the normal American demand for cotton of the Egyp- 
tian type. 

Other districts in the Southwest where cotton can be grown under 
irrigation, but where the spring and fall temperatures are perhaps too 
low for the greatest success with Egyptian varieties, are the Pecos 
Valley in western Texas and eastern New Mexico and the southern 
part of the San Joaquin Valley in California. 


EXPERIMENTS IN THE SOUTH ATLANTIC AND GULF STATES. 


Seed of the principal Egyptian varieties of cotton (Mit Afifi, Jan- 
novitch, Abbasi, and Ashmuni) has been several times imported by 
the Department of Agriculture and furnished to individual growers 
in various parts of the southern and southwestern United States. In 
1900 and 1901 Mr. L. H. Dewey, in charge of fiber investigations, re- 
ceived numerous reports of trials of seed distributed by the Depart- 
ment of Agriculture which indicated that in the humid portion of 
the cotton belt little success could be anticipated with the Egyptian 
varieties. An excellent quality of fiber was produced at several local- 
ities, but the yields were generally small, due largely to the shortness 
of the season, which prevented many of the bolls from ripening. In 
many cases planting was delayed by wet weather in the spring, and 
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killing frosts occurred so early in the fall as to cut off a large part 
of the crop." 

Dr. Herbert J. Webber ” experimented for several years with Egyp- 
tian varieties in the humid section of the United States, especially 
in South Carolina and Texas. His results also indicate that these 
varieties can not be profitably grown anywhere in the main cotton 
belt, at least not without adaptation through several years of aecli- 
matization and selection. 


PRELIMINARY EXPERIMENTS IN THE SOUTHWEST. 


Experiments carried on in Arizona by the Territorial Agricultural 
Experiment Station and by individual farmers previous to 1902 
pointed to the conclusion that heavy yields of Egyptian cotton of 
high quality could be obtained under irrigation in the warmer part 
of the arid region. The Abbasi, Mit Afifi, and Jannovitch varieties 
were grown by Prof. A. J. McClatchie on the station farm at Phoenix 
and were productive in the order named, Abbasi yielding at the 
rate of 460 pounds of lint to the acre. The Lowell Textile School 
reported that the Mit Afifi cotton grown at Phoenix, as compared 
with imported Mit Afifi, gave 4 per cent less waste and furnished 
thread that was 14 per cent stronger. 

In 1902 preliminary experiments were made by Messrs. Webber 
and Kearney, of the Bureau of Plant Industry, at a number of locali- 
ties in the Southwest as follows: Mit Afifi variety at San Antonio and 
Barstow, Tex., and at Carlsbad, N. Mex.; Jannovitch variety at 
Barstow, Tex., Carlsbad, N. Mex., Yuma, Ariz., and Calexico, Cal., 
and Ashmuni variety at Del Rio, Tex. In addition, Doctor Webber 
experimented in the same year with the Mit Afifi variety at Harts- 
ville, S. C., and at Houston and Brownsville, Tex.; with the Janno- 
vitch variety at Denison, Tex., and with the Ashmuni variety at 


Danville, Ga., and Waco, Tex. 
REPORTS OF EXPERTS ON THE FIBER PRODUCED IN 1902. 


Fourteen samples, representing each Egyptian variety from each 
locality where it was grown in 1902, were submitted to seven Amer- 
ican cotton buyers. The Jannovitch, grown at Calexico, Cal. (about 


“Jn Circular 26 of the Division of Botany, U. S. Department of Agriculture, 
1900, Mr. Dewey describes the results of experiments with Egyptian cotton in 
the United States up to that time. In these earlier experiments perhaps the 
most promising results were obtained by Mr. W. H. Wentworth at Floresville, 
near San Antonio, Tex., indicating that success is to be looked for west of the 
main cotton belt. 

®’ Doctor Webber has described his experiments in Proceedings of the Seventh 
Annual Convention of the Southern Cotton Spinners’ Association, pp. 127-138, 
1903. 
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60 miles west of Yuma), was highly commended by all of these ex- 
perts. Two of them rated it highest among the fourteen samples, 
while four rated it as equal to any. Only one expert gave the prefer- 
ence to another of the fourteen samples. 

The same series of samples was sent to Mr. William Getty, buyer 
of cotton at Alexandria, Egypt, for a firm at Providence, R. I.“ His 
report showed the Jannovitch fiber produced at Calexico to be the best 
of the lot. Mr. Getty said of it: “ Length of fiber, quite 2 inches;? 
strength very good; uniformity, good; very fine; rich in color; spin- 
ning quality very high; valuation at present market conditions 
[August 4, 1903], 21 to 22 cents per pound; is especially adapted 
for sewing cotton and for same purpose as Sea Island; is equal to 
the best Jannovitch in all respects and could not be improved upon.” 

The Lowell Textile School, to which eleven of these samples were 
also submitted, reported through Mr. O. L. Humphrey, head in- 
structor in the cotton yarn department, on the Jannovitch grown 
at Calexico in the following terms: “ Staple fully 14 inches. Fiber 
very strong, fine, and even. Very small amount of unripe or short 
fiber. Cotton clean and in fine condition. Use for 60’s carded, 70’s 
and 80’s combed.” * These are higher numbers of yarns than were 
furnished by any of the other samples and indicate a fiber of supe- 
rior fineness. Mr. Humphrey adds, “An examination of the various 
samples would indicate that of the three varieties Jannovitch was 
decidedly the best.” 

Manufacturing tests of the eleven samples were made with great 
care by the Lowell Textile School.?. The cotton was “ picked” (1. e., 
loosened in preparation for combing), combed, roved, and spun into 
yarn with the same degree of care and following the same methods 
used by manufacturers who handle corresponding grades of imported 
Egyptian cotton. Exact determinations were made of the amount 
of waste occurring during each process and of the strength of the 
yarn produced. 

The waste includes moisture lost during the different manufac- 
turing processes, dust, fragments of leaves, of bolls, and of seeds, and 


@Mr. Getty, who had had thirty years’ experience in the cotton business in 
Egypt, also referred the samples to several experts in Liverpool, who con- 
firmed his opinion. 

5’ This was a higher rating as to length than was given by any of the Ameri- 
‘an experts, who placed the length at 14 or 1% inches. 

© Long-staple cottons are usually combed as a preliminary to spinning, while 
short-staple cottons are generally carded. 

4The Lowell Textile School also submitted the samples to Mr. F. S. Kerri- 
gan, expert of a manufacturing company at Lowell, Mass., who examined them 
independently and whose report corroborated Mr. Humphrey's to a remarkable 
degree. 

128 


36 EAGYPTIAN COTTON IN THE SOUTHWESTERN UNITED STATES. 


short fiber. It is stated in percentages of the weights of the original 
samples. The total waste from the sample of Jannovitch grown at 
Calexico amounted to 23 per cent and from the sample of the same 
variety grown at Yuma to 26 per cent. The average for the eleven 
samples grown in the United States was 26 per cent, while a sample 
of imported Mit Afifi® secured from a New England mill, which uses 
large quantities of this cotton, showed 27 per cent of total waste. 
The normal waste from imported cotton of this variety handled in 
the same way is estimated by Mar. Humphrey at about 24.2 per cent. 

The manufacturing tests gave the following results, according to 
Mr. Humphrey’s report: 

The running of the samples in the roving processes was excellent. * *  * 
The roving made was exceptionally strong and even. * * * The samples of 
“ Jannovitch ” [from Calexico, Cal.; Yuma, Ariz., and Denison, Tex.| ran in 
the spinning almost without a break and showed in this process remarkable 


” 


streneth. In order to compare the strength of the warp yarns of the various 
samples, 40 skeins of 120 yards each of every sample were reeled, the ends 
tied, broken, and weighed. The skein breaking was done on a power-driven 
yarn tester giving uniform speed. 


The strength is stated in terms of the average weight in pounds 
that was required to one ner skein of each sample. The samples 
of Jannovitch grown at Calexico and at Yuma proved to be decidedly 
the strongest of the eleven samples, 66 pounds having been the aver- 
age weight required to break the former, and 74 pounds the latter, 
while the general average for the eleven American-grown samples was 
55.5 pounds. For the sample of imported Egyptian the average 
breaking strength was 45.5 pounds. Taking the strength of Draper’s 
Standard Warp as 100, the Jannovitch cotton grown at Calexico had 
in comparison a strength value of 146.5 and that grown at Yuma of 
164.5, while the imported Mit Afifi had a strength value of only 101, 
which was surpassed by nearly all the American samples. This dif- 
ference is explained by Mr. Humphrey as * largely due in many cases 
to the greater length of staple, although the strength and spinning 
qualities of the staple are unquestionably instrumental in producing 
this result.” 

The samples of Jannovitch grown at Calexico and Yuma were ad- 
versely criticised by Mr. Humphrey in respect to only one character- 
istic, 1. e., the presence of a considerable amount of * nep ” in the fin- 
ished yarns. Mr. Humphrey says, however, that they * will compare 
fairly well in this respect with the bull of the Egyptian yarn of this 
number which is being manufactured at the present time.” 


Mr. Humphrey says of this sample, * This variety (grade and length) is, 
however, considered a fair average Egyptian cotton and one that is very largely 
and generally used in this country.” 
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Mr. Humphrey concludes his report as follows: 


An eXalmination of these American-grown Egyptian cottons and an inspec- 
tion of the table of results as here given shows them to be, as a rule, long 
stapled, unusually strong, uniform and satisfactory in color, clean, and pos- 
sessed of good spinning qualities. The per cent of short fibers compares very 
favorably with that of the imported article, but the amount of unripe fiber in 
some of the samples is excessive. This may perhaps be due to the fact that 
the cotton was raised in limited amounts, and in order to secure the greatest 
possible quantity of each, the picking was more thorough and included a larger 
per cent of the contents of the unripe or partially ripe boils than would have, 
under ordinary conditions, been gathered. From the results of these tests we 
can naturally infer that there is a flattering future for American-grown Egyp- 
tian cotton, provided the standards can be maintained. This stock admits of 
the production of much finer numbers and better qualities of yarn than could 


be made from Upland, Texas, or Gulf cotton, and is inferior only to Sea Island 
cotton. 


RESULTS OF ACCLIMATIZATION AND SELECTION IN THE SOUTHWEST. 


In 1902 numerous selections were made in the test plats of the 
Mit Afifi and Jannovitch varieties at Barstow, Tex.; Carlsbad, N. 
Mex.; Yuma, Ariz., and Calexico, Cal. These selections were planted 
in 1903 at the same four localities on the “ plant to the row” system. 
In addition a test plat of the Abbasi variety was grown at Carlsbad. 
In 1904 the selections of Mit Afifi and Jannovitch made in 1903 were 
planted only at Carlsbad and Yuma. In 1905 the selections made in 
1904 were planted at the same two localities, but those at Yuma were 
lost soon after planting, as a result of the unprecedentedly high 
spring flood of the Colorado River. A large number of selections 
were made at Carlsbad, however, and with these the work has since 
been continued at Yuma.* 

The Abbasi variety was soon discarded because it too nearly 
resembles Sea Island cotton, with which it would undoubtedly com- 
pete in American markets. It was desired from the outset to secure 
a type of cotton for culture in the Southwest that would be distinctive 
of that region as compared with other cotton-growing sections in the 
United States. The best means of attaining this end appeared to be 
by acclimatizing the very distinct Mit Afifi and Jannovitch varieties, 
especially the former. 

Numerous selections of Mit Afifi have been carried through five 
generations and have fully retained the distinguishing characters of 
the variety. Through a series of accidents the original selections from 
imported seed of the Jannovitch variety were lost, but certain selec- 
tions from the more or less mixed seed of the Mit Afifi variety with 
which the experiments were begun have so nearly approximated the 


“Tn 1904 and 1905 the selections were made by Mr. L. L. Harter. 
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characters of Jannovitch that there seems to be no good reason for 
making new selections from imported seed of the latter. 

Throughout the course of the experiments the plants have been 
grown under irrigation on the best land and with the best care as to 
irrigation, cultivation, etc., that circumstances admitted. It was not 
until last year, however, when the work was carried on in association 
with the Office of Western Agricultural Extension Investigations of 
this Bureau, that it became possible to raise the cotton under favor- 
able conditions as regards cultivation and irrigation. Previous to 
1907 these selections were exposed to so many vicissitudes—drought, 
alkali soils, inadequate cultivation, etc.—that there is good reason to 
believe that they are exceptionally hardy and well adapted to growing 
under conditions below the optimum for cotton culture in the region. 


CHARACTERS OF THE PLANTS. 


During the earlier years of the experiments it was extremely prob- 
lematical whether Egyptian cotton would adapt itself to conditions 
in the Southwest. The plants made a very vigorous growth, but pro- 
duced relatively few bolls, as is shown in Plate II, figure 1. These 
bolls matured so late in the season that many of them were cut off by 
frost before they opened. The opening of such bolls as ripened was 
generally very unsatisfactory, the valves of the locks remaining half 
erect instead of spreading horizontally, so that in picking the fiber 
had to be pulled out between the points. 

Each year, however, a marked improvement in yield, earliness, and 
the degree of opening of the bolls manifested itself. In 1906, 
whether through acclimatization or selection or a combination of the 
two agencies, such a great improvement had been attained that there 
seemed little occasion for further anxiety on these scores. The 
Egyptian plants were still, it is true, much larger and ripened their 
fiber later than those of most Upland varieties grown under similar 
conditions, and their bolls remained small and pointed (Plate IV). 
All these, however, are characters inherent in the species of cotton 
(Gossypium barbadense) to which the Egyptian and Sea Island va- 
rieties belong, as distinguished from that which includes the Ameri- 
ean Upland varieties (Gossypium hirsutum). No amount of 
selection can be expected to entirely remove them. But, as compared 
with the performance of the plants in previous seasons, there had been 
a marked reduction in height and in the development of sterile 
branches (Plate III). The relative number of bolls produced was 
much larger and the fiber ripened much earlier than in any previous 
year. Furthermore, the bolls opened out flat, so that the cotton hung 
as loose as from bolls of Upland varieties. 
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In 1907 these characteristics had become practically uniform over 
the entire field (Plate I, frontispiece), not only in the selection rows 
but in the one-fourth-acre plats that were planted with seed from 
second-select plants of 1906 for yield tests and for experiments with 
different irrigation and cultivation methods. Before the middle of 
September the cotton was ready for the first picking. It was there- 
fore at least a month earlier than was the case during the first three 
years of the experiments. The satisfactory opening of the bolls is 
shown in Plate IV, while Plate IT, figure 2, illustrates the manner in 
which the ripe cotton hung loosely in the open bolls. Careful 
records of the time consumed in picking at Yuma in 1907 showed 
that it required only about one and one-half times as long to pick 100 
pounds of seed cotton of the Mit Afifi Egyptian as of large-bolled 
Upland varieties, such as Triumph and Rogers Big Boll. 


YIELD TESTS. 


Yield tests of two Egyptian and five American Upland varieties of 
cotton were made at Yuma in 1907 on plats ranging in size from one- 
tenth to one-sixth acre. The results in pounds of seed cotton, caleu- 
lated on the basis of 1 acre, are given in the following table: 


TABLE VI.—Results of yield tests of cotton varieties at Yuma, Ariz., in 1907, in 
pounds of seed cotton and estimated pounds of lint produced per acre. 


| Pounds of seed cotton 


per acre. ‘ in 

gc Fe Estimated) Estimated 
Variety. P : percentage| total yield 

Gee Total of lint. | of lint. 

Dec. 1.¢ yield. 

Pounds. 
Mite Ani, (Beyptian)..—=-2.25) scones ae 2,880 3,300 > 30 | 990 
Pannovitch: (Chey ptian) == =< sos ss eee 1,851 | 2,228 30 668 
Rogers Big Boll (short-staple Upland)_--__.____-___- 2,897 2,975 34 1,011 
Triumph (short-staple Upland)_-----__---_-________-. 2.571 | 2,660 37 | 984 
Sunflower (long-staple Upland)-_-_-__-------.---__-_-- 1,950 2,235 30 670 
Southern Hope (long-staple Upland)_--.--_-___-____ 2,572 3,052 30 915 
Columbia (long-staple Upland)----------------_-___- 2,101 2,456 | 30 | 737 


«The amounts of seed cotton that ripened before December 1 are inserted because the 
autumn of 1907 was unusually warm, and it is possible that the figures in this column 
more nearly represent the yields that can normally be expected than do the total yields 
in 1907. The amounts that ripened after December 1 were estimated by dividing the total 
amount of seed cotton secured at the last picking by the number of days that had elapsed 
between this and the preceding picking and multiplying the result by the number of days 
between December 1 and the date of the last picking. The results are necessarily only ap 
proximate, since the amount of cotton that ripened daily must have decreased toward the 
end of the season. 

+A 50-pound sample of seed cotton of this lot was very carefully ginned on a roller gin 
and gave 33.5 per cent lint. On the other hand, a 200-pound sample yielded only 29.1 per 
cent. Thirty per cent would therefore appear to be a conservative estimate. Since in 
Egypt the Mit Afifi variety is said to give from 33 to 35 per cent of lint, there is every 
reason to believe that the percentage of lint of this variety in the Southwest can be mate- 
rially improved over that obtained in 1907 at Yuma. The estimated percentage of lint for 
the other varieties in Table VI are based upon the average performance of these varieties 
in other localities. 


Notwithstanding the fact that in two of the Upland varieties the 
percentage of lint is considerably higher than in Egyptian varieties, 
only one of them surpassed the Mit Afifi in productiveness, and that 
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to but an inconsiderable extent. The lower yield of the Jannovitch 
Egyptian as compared with the Mit Afifi is doubtless partly due to 
the fact that the Jannovitch plat in 1907 was planted with seed from 
plants grown in 1906 from an imported stock, while the stock of Mit 
Afifi had had the advantage of five years’ acclimatization in the 
Southwest. 

QUALITY OF THE FIBER. 


During the earlier years of the experiment it seemed so essential 
to concentrate every effort upon combating sterility, late ripening, 
and imperfect opening of the bolls that in making the selections only 
secondary weight could be placed upon the quality of the fiber. 

The Jannovitch variety, nevertheless, produced an excellent grade 
of fiber from the start. This was probably due to the recent origin 
of this variety, which had not had time to deteriorate seriously since 
it left the hands of the breeder. As has been stated, the fiber produced 
by this variety grown from imported seed at Calexico, Cal., and 
Yuma, Ariz., in 1902 was given a high rating by the Lowell Textile 
School and by expert cotton buyers in the United States and in Egypt. 
The Jannovitch variety was again grown from imported seed at Yuma 
in 1906, and the seed thus obtained was used in planting the yield-test 
plat of this variety in 1907. In this case also the American-grown 
product compared far more favorably with the average of the variety 
in Egypt than did the Mit Afifi variety during the first two or three 
years after it was introduced. 

The fiber produced by the Mit Afifi variety during the earlier years 
of the experiments in the Southwest was of decidedly inferior qual- 
ity. As compared with the best grades produced in Egypt, the lint 
was relatively short, in hardly any case reaching a full 12 inches. It 
was coarse and woolly and of a dead appearance, lacking the fine 
luster that is one of the most attractive qualities of high-grade 
Egyptian cotton. Very few plants showed even an approximation 
to the great strength that is one of the leading and most valuable 
characteristics of this type of cotton. In color also it left much to 
be desired, the brown tint being either nearly wanting or so irregu- 
larly distributed as to give the cotton a blotched appearance, as 
though artificially discolored. 

In 1905, the tendencies to sterility, late ripening, and imperfect 
opening of the bolls in the Mit Afifi variety having largely disap- 


“From the fact that the results obtained during the first year or two of the 
experiments were much more satisfactory with the Jannovitch than with the 
Mit Afifi variety, it might be inferred that when first imported the former is bet- 
ter. adapted than the latter to southwestern conditions. More likely, however, the 
Mit Afifi seed originally imported was of inferior quality. As heretofore stated, 
this variety is deteriorating in Egypt and becoming mixed with inferior sorts 
except where it is kept up by careful selection. 
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peared, it became possible to focus attention upon the characters of the 
fiber. As a result, in 1906 the fiber showed a marked improvement 
in all of its characters, and this was true to a still greater extent in 
1907. In the latter year selection was made so rigorous that the best 
individual plant of 1903 would have failed to pass muster. In the 1 
acre of breeding rows planted with seed from the first-select plants of 
1906, the length averaged practically 14 inches. The thirty-eight first 
selections of individual plants made in 1907 had fiber of an average 
length of 1,%; inches, as compared with an average of 14 inches for the 
thirty-one first selections made in 1906. In other words, a gain of 4 
per cent in length had been made in one generation. This is probably 
the maximum length to which the Mit Afifi type of Egyptian cotton 
should be bred to meet the demands of the existing market. 

In all other characters—covering of the seed, uniformity of length 
on the same seed and in different bolls on the same plant, strength, 
color, fineness, and luster—the advance was so striking that it was in 
some cases difficult to realize that the plant of 1907 was only in the fifth 
generation of descent from its progenitor of 1902 (Pl. V).* No 
one characteristic showed more gratifying progress than that of 
strength. While in 1903 the plant producing fiber that could not be 
broken easily between the fingers was a rare exception, in 1907 it was 
the general rule. Fiber of great fineness, soft and silky to the touch, 
was also the rule. Brown color characterized the fiber on the great 
majority of the plants, and was almost as general and pronounced as 
in any field seen in Egypt by one of the writers. In plants which pre- 
served the Mit Afifi type the brown tint was conspicuous, especially 
when a mass of the fiber was examined, although much lighter than in 
the red-brown Peruvian and Nanking cottons. In plants that showed 
an approximation to the Jannovitch type, the fiber was of a delicate 
cream color, appearing almost white when compared with Mit Afifi, 
but showing clearly the brown tint when matched with American 
Upland fiber. The Jannovitch type was furthermore remarkable for 
the silky luster of the fiber. 

Strength tests—Careful tests of the strength of several samples 
of Egyptian cotton grown at Yuma in 1907 were made by the Office 
of Fiber Investigations of the Bureau of Plant Industry. The tests 
were made on a special fiber-testing machine. The samples sub- 
mitted were as follows: No. 1, Mit Afifi, from a plat which received 
eight irrigations after planting; No. 2, Mit Afifi, from a plat which 
received only one irrigation after planting; No. 3, Mit Afifi, from 
a plat which received three irrigations after planting; No. 4, the 
average of the first picking from seven individual selected plants of 

@Puring each year of the experiments combed-out seeds of every selection 


have been preserved as a record of the progress made in breeding. 
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Mit Afifi in the breeding rows which had received four irrigations 
after planting; No. 5, the average of the later pickings from the 
same seven selections. Jannovitch from the yield-test plat, which 
was irrigated twice after planting, was also tested. The Mit Afifi 
had in every case been grown five years in the Southwest, while 
the Jannovitch was from that grown at Yuma in 1906 from newly 
imported seed. 

In order to permit a comparison of the strength of the Arizona- 
grown Egyptian samples described above with that of cotton of other 
varieties and from other sources, the Office of Fiber Investigations 
also furnished the results of a series of tests made by Mr. Frederick 
J. Tyler upon different Upland and Sea Island varieties, as well as 
upon three varieties of Egyptian cotton. All of these were grown by 
Mr. Tyler without irrigation at Waco and Terrell, Tex., with the ex- 
ception of the two samples of Southern Hope (long-staple Upland). 
The latter were produced under irrigation at Yuma, Ariz., in 1907. 

The results as stated in the following table represent the average of 
the weights in grams required to break each of twenty individual 
fibers from each sample: 


Tasle VII.—Breaking strength of samples of Egyptian and other cottons grown 
under irrigation in Arizona and ivithout irrigation in Central Texrds. 


rors Number of Breaking 
Type of cotton. Variety. Where grown. <".. P F 
ly] ) ) 4 Broxva jirrigations. strength. 


Grams. 


Bey ptian. 2.2 -- s22-se5-| MitAni), Nowe 2. secs SoS ATigOnase oe S 4.6 
Mitv Atif, NOs 2-222 -- 22 -t2 mass Arizona___---- 1 6.5 

Mit Adify; No x38... 222) Arizona=-222= | 3 6.4 

Mit: Afifi,, No. 4.._..-_.-.2 22) Arizona = 4 5.9 

AVE, NO. 0222-2 as ee Arizona_-__--_- 4 6.2 

IVA names ah ond eee Oe M@X AS) o ==> <2 - None. 4.5 

UEMnMOVIGCH. s<esecc cc t eee AnIZON ae 222 2 | 6.4 

Dannovitehs..--.s.5.. eee 4 hy. cf Xoo None. 4.0 

PSU UY Ne eee Yio cf: h: aeons None. 55 

Upland long-staple__------- 7A (1s ee ee See eee aed reagan Reon ee None. 3.5 
BOO Zero een see None. 3.4 

FlOTOGOT 8. .222u06cc-nc5 2 =) VER AS 2S None. ool 

SUE Se Se ee eo eee eee PeXAS..ssac2= None. 33D 

Peeler >. ss. A Fe Texas 22-5 .-= None. 4.1 

Sunflower... .. Texas. =" None. | 3.4 

Southern Hope, No. 1___--__-- Arizona--..-=. 8 6.0 

Southern Hope, No. 2__----_---| Arizona_____-_- 1 5.0 

Upland short-staple___---__. CUIDEN DOL... oe tt a, dic 1: eee None. | 54 
Cook Improved____--_-------- Texas. conecse None. 7.0 

Brake £22 5 en) SDB oe None. 4.5 

eC COlblOT. 26-2 eee eee Texas___._-_- None. 520 

Jones Improved____------------ Texas: 2 seo=. None. See 

King_-_-__- ee oe ee) UR eee None. 4.8 

Mortzagce Lifters. .2 =.) Dexas.- None. 5.9 

WMSSEl Ue = = ool to See se seeal DOS ASceeas a None. 525 

TPA G hs SS 8 ee eae ean None. 6.0 


In regard to the Egyptian cottons grown under irrigation at 
Yuma it is interesting to note the relative weakness of the fiber in 
Mit Afifi sample No. 1, from a plat that was excessively irrigated, 
as compared with samples 2 and 3, from plats that received only one 
and three irrigations, respectively, after planting. The selections 
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(samples 4 and 5) were irrigated four times after the seed was put 
in. In the case of the selections an unexpected result is the greater 
strength shown by the later pickings (sample 5) as compared with 
the first pickings (sample 4) from the same individual plants. In 
Egypt, on the other hand, the fiber from the first pickings is reputed 
to be generally stronger than that which is picked later in the season. 

It will be observed that the long-staple Upland or Peeler vari- 
eties are generally very inferior in strength to the short-staple 
Uplands. A notable exception is the Southern Hope, which was 
grown under irrigation at Yuma. It is rather remarkable that in 
this case sample No. 1, which received eight irrigations after plant- 
ing, is decidedly stronger than sample No. 2, which was watered 
only once after the seed was put in. On the other hand, the Mit 
Afifi Egyptian, which received eight irrigations at Yuma (sample 
No. 1 in Table VII), was decidedly inferior in strength to that 
which was irrigated only one to four times (samples 2 to 5). The 
Mit Afifi and Jannovitch Egyptian varieties, grown under rainfall 
in central Texas from imported seed, appear to be deficient in 
strength as compared with the same varieties under irrigation in 
Arizona. 

From the manufacturer’s point of view, tests that are based upon 
the breaking point of individual fibers are not alone satisfactory 
indicators of the strength of a given sample of cotton. They should 
be supplemented by tests of the breaking strength of the thread, 
which depends not only upon the strength but the length and fine- 
ness of the individual fiber, the last character determining the number 
of fibers which can be spun into a thread of given diameter. But 
when the great fineness and the satisfactory length, as well as the 
great strength of the individual fibers of the Egyptian cotton pro- 
duced in Arizona in 1907 are taken into consideration, we can be 
reasonably certain that they will furnish a very strong thread.¢ 

Comparison of the fiber from different pickings.—In view of the 
belief prevailing in Egypt that fiber from the first picking is decid- 
edly superior to that from the second and third, the products of the 
first and of the later pickings from some of the best selected plants 
of the Mit Afifi variety at Yuma in 1907 were carefully compared. 
In point of strength, as has been noted, the fiber from the later pick- 
ings, which were taken together, was found to be uniformly some- 
what superior to that from the first, but in the other characters no 
pronounced difference was observed, except that in two or three cases 
the length was slightly inferior in the later pickings. In color the 
later pickings were in all cases equal to the first. 


“The results of the strength tests of yarns spun from the Jannovitch cotton 


grown at Calexico and Yuma in 1902 support this belief. 
128 


44 GYPTIAN COTTON IN THE SOUTHWESTERN UNITED STATES. 
OPINIONS OF EXPERTS ON THE FIBER PRODUCED IN 1907. 


Small samples of the acclimatized Arizona-grown Kgyptian cotton 
produced in 1907 were submitted to 22 American buyers and manu- 
facturers of this type of cotton, of whom 18 reported their opinions 
of its quality and 11 furnished estimates of its value at current 
market prices. The prices varied considerably, ranging from 18 to 
26 cents a pound, the average of all the estimates obtained being 20.6 
cents. At the time when these estimates were furnished (February 
15 to March 7, 1908) American Middling Upland cotton was selling 
on the Boston market for 12 to 124 cents a pound, and imported 
Egyptian cotton for 12 to 154 cents (“low grades”), 14 to 18 cents 
(“current grades ”), 164 to 19 cents (“ good grades ”), and 174 to 21 
cents (“high grades”). The Arizona-grown fiber would therefore 
be classed with the high grades of imported Egyptian cotton. 

The length of the Arizona-grown fiber was placed at shghtly less 
than 14 inches (average of 10 estimates)—hence superior to most 
erades of Mit Afifi but inferior to the best grades of Jannovitch. As 
to evenness or uniformity of length, all but 1 out of 11 opinions were 
very favorable, 2 of the experts pronouncing the Arizona product 
superior in this respect to imported Jannovitch. 

In respect to fineness, the consensus of opinion appeared to be that 
the fiber is somewhat inferior to Jannovitch but superior to Mit A fifi. 
In regard to the strength of the Arizona-grown fiber, all the reports 
were satisfactory, most of the experts considering it equal to that of 
imported Jannovitch, while one manufacturer reported it as “ rather 
better.” The color was pronounced to be lighter than the best grades 
of Mit Afifi, but darker than Jannovitch. Only 1 out of the 14 ex- 
perts who rendered an opinion on the color of the samples criticised 
it as “ uneven.” The luster of the Arizona-grown fiber was generally 
regarded as somewhat inferior to that of imported Egyptian. The 
“cling,” or “ barb,” an important quality in making strong thread, 
was commented upon favorably by the two manufacturers who men- 
tioned this point. Opinions differed somewhat as to the freedom of 
the samples from waste, the consensus being apparently that in this 
respect the Arizona cotton was similar to all but the best grades of 
imported Egyptian. As to absence of “ nep,” the opinions were on 
the whole decidedly favorable. 

The manufacturers and buyers who examined the Arizona-grown 
fiber were practically unanimous in stating that it could be satisfac- 
torily substituted for corresponding grades of imported Egyptian 
cotton. 


4Prices quoted on the Boston market as given in the Commercial Bulletin 
of Boston, February 15, 22, and 29, and March 7, 1908. 
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It is evident from the reports received that the experts differed as 
to the variety of cotton represented by the samples, some making 
their comparison with Mit Afifi and some with Jannovitch. A sum- 
ming up of the opinions received indicates that the Arizona cotton 
is exactly intermediate between these two varieties in almost every 
character. This is not surprising, since the samples were taken 
from the yield-test plats of 1907, which were grown from seed ob- 
tained from the “ second-select ” plants in the breeding rows of 1906 
and mixed together. As has already been pointed out, the seed with 
which the breeding experiments were conmenced at Yuma, although 
imported under the name of Mit Afifi, produced many plants which 
approximated the Jannovitch variety in the quality of their fiber. 
During the last two years superior plants typical of each of these 
varieties have been selected, and it is expected that in a short time 
there will be available a supply of pure seed of both Mit Afifi and 
Jannovitch Egyptian cottons thoroughly adapted to the climate of 
the Colorade River region. 


TYPES PRODUCED, 


To sum up, two well-marked types of Egyptian cotton, both devel- 
oped from mixed seed that was imported under the name of Mit A fifi, 
have been carried through five generations of acclimatization and 
selection and have now reached a high degree of uniformity and 
adaptability to conditions in the southwestern United States. These 
are (1) the Mit Afifi type, having fiber that averages 14 inches in 
length, very strong, soft, and fine, decidedly crinkly, and of a light- 
brown color; (2) the Jannovitch type, with fiber averaging 12 inches 
in length, smoother, silkier, and more lustrous than the Mit Afifi, and 
of a very delicate cream color. The latter type may be regarded as 
almost intermediate in most of its characters between Mit Afifi 
Egyptian on the one hand and Sea Island on the other. 


IRRIGATION EXPERIMENTS. 


In order to determine the effect upon the yield and quality of the 
fiber produced by different amounts of irrigation water applied at 
different intervals, a series of plats was planted to Mit Afifi Egyptian 
cotton at Yuma in 1907. 

The soil of these plats was fairly uniform, being a sandy loam 
on the surface with rather open sand in the subsoil. This land had 
not been in crop for about ten months previous to planting the cotton 
and had not been irrigated, so that it was very dry. It was plowed 
and prepared for planting early in March, 1907, was thoroughly irri- 
gated by flooding on March 23, and the cotton was planted five days 
later. No facilities were at hand for measuring the amount of water 
applied at each irrigation, but the effort was always made to irrigate 
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ach of the plats for about the same length of time with the same 
head of water. In each case the land was cultivated with either a 
5-shovel or a harrow-tooth cultivator as soon as possible after irriga- 
tion, although in the case of plat 5 cultivation was not possible after 
the later irrigations, owing to the large size of the mature plants. 

The table which follows gives the dates on which each plat was 
irrigated from the time the cotton was planted until the last picking 
was made: 


TABLE VIII.—Numbers and dates of waterings given irrigation erperiment 
plats at Yuma in 1907, 


| | 
Dates of irrigations. | Plat 1.| Plat 2.) Plat 3.| Plat 4.| Plat 5. 

Rees eo “ a eee = als | 
Mia G8 22 we 2 ee on eee no eo ee ae XS |Peee=e= x x x 
Misys 2B 328 Se ae a a Sot See Oe oe ee eee | Me |e 52 es eee x 
SULLY) Bi Se a ea a Sn Se ae er ee | ere | eee x 
Oia ek ae oe a ees Ea ee a ed ee ks |S ee eee x 
eM) 25. oe Se ee Ch ee ese See ee eee | See aes Rae x 
PATA PUIS CIC) aos Se ee ee ee ae ee ee ee eee | Eee ztcece x 
PAI SUS b 24s: = a Sa ee eee ne a 8 ee ee Pe ee eee ee x | eee x 
Sep tempers (as ae sae een ee DG le Sees x xX 

| 

Totalenum bepress son n ee ae eee ee en Re eee 1 3 2 2 8 


In Table TX are given the dates of each picking on each plat, the 
number of pounds of seed cotton (calculated on the basis of 1 acre) se- 
cured at each picking, and the percentage of the entire yield of each 
plat represented by the corresponding picking and those previous 
to it. 


TABLE IX.—Yields of seed cotton (in pounds per acre and percentages of the 
total yield) secured on the irrigation experiment plats at Yuma in 1907.% 


| | 


| Plates Plat 2. IPlatiss Plat 4. Plate 
ee | Per | Per | Per Per Per 
Dates of pickings.! geeq | cent | Seed | cent | Seed | cent | Seed | cent | Seed | cent 
jcotton.| of jcotton.| of jcotton.| of |eotton.| of  |cotton.| of 
| total. | total. | total. | total total 
| he Lbs | Lbs. Lbs Lbs 
September 19222-4222 2222 688 2 | SS Soe ee ee | ee | rae (oe ee |e 
Septemiber:225 5 2 See | Beene eine ne | eae | ee 664 S129: Sees ees 
Septemberi23=- === |-—- === ee ee 470 cGy Ree ee ee eee ee 
September 24-____- 451 BORG Nees efo tC aese soso 4 Ss eee ee ees Pee a ee ee 
@CtEODET 9 ee ee Peewee eee. Ses te Sl ee ee De | 332 12).2 
Octo bere S22ee eee eee 567 7. Ieee ee = ee aes meee ee 
October 19__--__--- 72901, ||_ Lee ee ee ees |S bee EEE ea \aes 728) see 
OCCODE 27 en a lea ee 729 | 44.9 448 53) 4S | 
WETO DEI ee eer a aa | ree | | ae Fee 536 31.8 
OClLODeE brea ae Eanes 567 54:8 fees [aveeees lee ee ees cee ms | Ve Ae eee tS, 
October 282—— = ODA Mamie Or Pe AS ee oe ed Se Py one | ee ee | eee ibis 
INOVenl ber pee = == ee eens oe aas ee] st Sea 584 BG oie ee et 391 46.3 
INIOMEMIDeCLOse ames eee eee aloe to eee ee Eee Hescieest, ooh 308 | 68.1 [pseasscs oa 
INovember 1222-2 ls=_===2 ee 706 162, LSS ee ES Shee ae [soot euecl Sas 2 <a eee, 
INO VET D Cline oe eee ee oe ee eee os ean ons See ee ee a bee Se esse eases 772 74.7 
December 20_------ CH Sti es ea 891 | 100 664 | 100 698 100 
IDGCEM DEL 2322 ea ae ee 802.) 100)" |p 22S eee | LS oe eee 
otal | atlg Heh ee ee 32380" kee as 256740 | eee 2019) eee D793 | ee eee 
| | | 


“In the columns headed “ Seed cotton” are given the pounds per acre obtained on each 
plat at each picking. In the columns headed “ Per cent of total”’ are given the accu- 
mulated percentages of the total yield from each plat that had been secured up to the 
date of the respective picking. 
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It will also be interesting, as a measure of the degree to which 
ripening was hastened or retarded by the treatment given the differ- 
ent plats, to note the average number of large but green and still 
unopened bolls per plant remaining after the last picking. These 
were as follows: Plat 1,0; plat 2,4; plat 3, 21; plat 4, 25; plat 5, 23. 

These plats were not planted until March 28, 1907, although if 
the condition of the weather alone had governed the date of plant- 
ing the seed could have been put in several weeks earlier. Plat 2 
was planted as a yield-test plat, but the treatment it received pro- 
duced such excellent results that it is included here for comparison. 

On plat 1, which was irrigated only once after planting, ripening 
was hastened, half of the total product having been harvested at 
the first two pickings. While the yield from this plat was light 
compared with that from the others, yet it amounted to nearly one 
bale per acre. The light irrigation that was given allowed the soil 
to remain so dry during the greater part of the summer that Ber- 
muda grass could make little growth. 

Plat 2 was irrigated three times and plats 3 and 4 twice after plant- 
ing. The results from these three plats show that the longer the 
second irrigation was postponed the smaller was the total yield. Plat 
2, which received its second irrigation six weeks earlier than plat 3 
and nearly nine weeks earlier than plat 4, yielded much more heav- 
ily than the others. The first four pickings were earlier on this plat 
than on any of the others. It will be noted that the first irrigation 
was given two weeks later on plat 2 than on plats 3 and 4, which may 
also have had something to do with the heavier yield on plat 2. On 
this plat the growth induced by the irrigation on July 15, 1907, had 
nearly all matured when the last picking was made. The irrigation 
which this plat received on September 12 did not induce as much 
new growth as did the last irrigation given plats 3 and 4. The late 
growth on plats 3 and 4 did not fully mature its bolls before a frost 
occurred, as is indicated by the large number of green bolls remain- 
ing after the last picking was made. 

Plat 5, which was irrigated eight times after planting, ripened its 
fiber later than any of the others, as is well shown by the fact that 
the percentage of the total yield represented by the first two pickings 
was much smaller than in the other plats, and by the high aver- 
age number of unripe bolls that remained on the plants after the 
last picking. The first picking on this plat, although taken sixteen 
days later than on any of the others, yielded only 12 per cent of the 
total product. Notwithstanding, the total yield from this plat was 
second only to that from plat 2, there having been no killing frost in 
1907 until the middle of December. In ordinary years cotton irri- 
gated thus heavily would be in danger of a reduction of yield through 
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failure of many of the bolls to ripen before a severe frost occurs. 
The growth on plat 5 was very rank and picking was correspondingly 
difficult. The fiber from this plat was only about 70 per cent as 
strong as that from plats 1 and 2, which received, respectively, only 
one and three irrigations after planting. In other characters of the 
fiber no difference could be detected except that the color was slightly 
less pronounced on the excessively irrigated plat. 

It would be unsafe to generalize concerning the results of experi- 
ments conducted during only one season, especially as the date of 
the first killing frost was unusually late in 1907. It may be said, 
however, that on sandy loam soils inthe Colorado River region heavy 
yields of Egyptian cotton are possible with very moderate irrigation 
provided the soil is thoroughly cultivated after each watering and 
that apparently little benefit is obtained from the application of 
water after the 1st of September. Further experiments are neces- 
sary to determine accurately the amount of water that will produce 
the best results on the various types of soils occurring in the region. 


SUGGESTIONS AS TO CULTURAL METHODS. 


Cotton has been so little grown under irrigation in the United 
States that much remains to be learned about producing the crop 
under these conditions. The following suggestions are based partly 
upon the limited experience that has so far been obtained in the 
Southwest and partly upon our knowledge of the methods followed 
in Egypt. As has already been pointed out, however, the Egyptian 
system of growing cotton can not be closely followed in the United 
States, owing to the great difference in the labor conditions of the 
two countries. 


IRRIGATION. 


The principal difference between cotton culture in the arid region 
of the United States and in the South Atlantic and Gulf States is the 
almost perfect regulation of the water supply that is possible under 
urigation. This enables the farmer to control the condition of the 
soil, so that it need never be wet at times when plowing, planting, 
cultivating, picking, and other cultural operations should be per- 
formed. This and the almost total absence of rain during the grow- 
ing season make it much easier to plan and carry out the farm work. 
The expense of irrigating is more than compensated for by these ad- 
vantages and by the fact that there is little danger of loss or damage 
from rainy weather. 

In all irrigated districts where water is abundant there is a ten- 
dency to irrigate too frequently and to cultivate too little. The prac- 
tice of excessive irrigation instead of cultivation is always objection- 
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able, as it tends to leach the soil of its plant food, injures its mechan- 
ical condition, and encourages the growth of weeds. In cotton 
culture it has the further disadvantage of causing an overproduction 
of wood and a retarded ripening of the bolls. The conservation of 
the soil moisture by thorough tillage after each irrigation is in every 
way a more economical practice. 

The first essential to successful irrigation is thorough leveling of 
the land. For a cultivated crop like cotton a fall of 2 inches to every 
600 feet is sufficient in most soils. The frequency with which irriga- 
tion should be given depends largely upon the character of the soil. 
Heavy loams and clays have of course a high water-holding capacity 
and do not need to be irrigated as often as sandy loams. On heavy 
land, if well tilled, one or two irrigations after planting are sufficient 
to mature a crop of cotton properly, while on the very light soils 
three to five irrigations may be required. 

Irrigation by flooding requires the least tabor and gives the most 
satisfactory results. In Egypt, where an abundance of very cheap 
labor can be had, furrow irrigation is practiced, but in this country 
the cost of labor would be almost prohibitive, even if it were found 
otherwise desirable to adopt the furrow system. The quantity of 
water given cotton at any one irrigation should be sufficient to insure 
penetration of the soil to a considerable depth. In most cases flood- 
ing to a depth of about 6 inches suffices. 

Cotton is a comparatively drought-resistant plant, which is prob- 
ably at least partly due to its deep rooting habit. It has been found 
that in the rather light soils of the Yuma Valley, if good cultivation 
is given, the roots of this plant will penetrate to a depth of 6 to 8 feet. 
Hence, cotton requires less frequent irrigation than shallow-rooted 
crops. It has been observed, however, that the Egyptian varieties 
show the effect of drought sooner than Upland cottons. 

Since the amount of water that will produce the best results and 
the frequency with which irrigations should be given depend largely 
upon the character of the soil and the thoroughness of the tillage, it 
is difficult to give precise directions on these points. In general, cot- 
ton should be irrigated as little as possible after it has begun flower- 
ing. Heavy irrigation in the latter part of the summer, especially 
during very dry, hot weather, results in a dropping of the squares” 


@Tn Egypt, as has already been noted, 10 irrigations are ordinarily given be- 
tween the date of planting and that of the first picking. It must be remem- 
bered, however, that as cotton is planted in Egypt there are 10 times as many 
plants to the acre as in the experiments at Yuma. If closer planting is prac- 
ticed in the Southwest, more water will probably be required. 

4’ The term “square” is applied to the unopened bud of the cotton flower with 
its inclosing bracts. 
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and young bolls. It is also likely to stimulate a late growth, so that 
there is danger that many bolls will be caught by frost before reach- 
ing maturity. 

PREPARATION OF THE LAND, 

Thorough preparation of the soil is necessary to insure perfect ger- 
mination. If no winter or green-manure crops are grown on the land 
it should be plowed in the fall, so as to expose the greatest possible 
amount of surface to the air during the winter months. Plowing to a 
depth of 6 to 10 inches is advisable in all types of sou, as it encourages 
the development of a deep root system. The work should be done 
when the surface soil is not dry and baked, otherwise difficulty will 
be experienced in obtaining a mellow, well-pulverized seed bed. 

If a winter crop is grown it should be removed and the ground 
plowed as early in the spring as possible. It is essential to turn under 
green-manure crops several weeks before planting cotton, in order 
that they may decompose somewhat before the seed is put in. Just 
before giving the first irrigation in the spring the land should be well 
harrowed and gone over once with a leveling drag, in order to remove 
the inequalities caused by plowing. In the latter part of February or 
early in March the land should be thoroughly flooded, so that every 
part of it is covered to a depth of 3 or 4 inches. Unless this is done 
germination will not be uniform and the stand will be imperfect. 
As soon after this first irrigation as possible the land should be 
double-disked and then worked over with a smoothing harrow. On 
some soils it may be necessary to follow the smoothing harrow with 
the leveling drag. These operations, if carried out at the proper time, 
will insure a loose, mellow, and moist seed bed over the entire field. 
Under these conditions, if good seed is used, germination will take 
place in five or six days and a uniform stand will be obtained. 


PLANTING. 


In the Southwest cotton should be planted early. Without excep- 
tion the plantings made at Yuma between March 15 and March 30 
gave larger returns than later plantings of the same varieties. Seed 
that was put in early produced plants that branched well near the 
ground and made a more determinate growth than those that came 
from seed planted near the end of April. The latter came up readily 
and grew rapidly, but the plants were spindling, the yield light, and 
the crop late in maturing. Periods of cold weather are likely to 
follow early planting and to retard the upward growth of the young 
plants, but during these periods a good root system is being developed 
and when warm weather comes on later such plants make a more sat- 
isfactory growth than those from later plantings. Of course, the 
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proper time for planting in any locality will depend largely upon the 
normal date of the last frost in the spring. Cotton seed should be 
put in as soon as the danger of killing frost is past. In the Colorado 
River region it is probable that in ordinary seasons planting can be 
done to advantage between March 1 and March 15, and in the Salt 
and Gila valleys between March 15 and March 31. 

The proper distance for planting Egyptian cotton in the Southwest 
varies somewhat according to the nature of the soil, but it is always 
much greater than that used in Egypt for the same varieties or in the 
southern United States for Upland varieties. Experiments in the 
South indicate that the yield increases as the space assigned to each 
plant approaches a perfect square. Egyptian varieties, however, 
grow more rankly and require more space than any Upland variety. 
Moreover the weight of the bolls at the ends of the long branches 
bears them almost to the ground and makes the last cultural oper- 
ations and the picking so difficult that it is advisable to have the rows 
much farther apart than the hills. A distance of 6 feet between 
the rows, with the plants 3 feet apart in the row, which gives each 
plant 18 square feet, produced very satisfactory results at Yuma 
during the past season. A yield at the rate of 990 pounds of fiber 
per acre was obtained from the Mit Afifi variety planted at this dis- 
tance, which requires only 5 or 6 pounds of seed per acre. It is 
possible that very close planting in the row may tend to check the 
luxuriance of growth of this type of cotton without decreasing the 
yield. 

As the acclimatization of Egyptian cotton progresses, the proper 
planting distance can doubtless be very materially decreased. The 
average distance in Egypt for the same varieties of cotton is 32 inches 
between the rows, with the hills 16 inches apart in the row and with 
two plants to the hill. These distances allow each plant 1.8 square 
feet of ground space, or just one-tenth that given at Yuma. With 
this planting distance there would be 24,000 plants per acre or ten 
times the number present when the distance is that adopted last year 
at Yuma. The average amount of seed used per acre in Egypt is 45 
pounds. The great difference between the planting distance gener- 
ally used in Egypt and that which has so far given the best results 
at Yuma indicates that much allowance must be made for the effect 
of further acclimatization in reducing the size of the plants. More- 
over, additional experiments are necessary in order to determine the 
most profitable planting distance for Egyptian cotton on different 
types of soil in the Southwest.¢ 


“It is proposed to test different planting distances at Yuma during the season 
of 1908. 
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If the soil has been well prepared and is free from Bermuda grass, 
the ordinary one-horse cotton drill is the best implement for plant- 
ing; otherwise, hand planting must be resorted to in order that the 
seed may be placed in moist soil. 

The proper depth depends upon the character of the soil and the 
date of planting. The earlier the seed is put in, the shallower should 
be the depth. If cold weather follows deep early planting, the seed 
is likely to rot in the ground, or if germination takes place the seed- 
lings will not have sufficient vitality to force their way through the 
soil. In Egypt the approved depth is 2 or 3 inches. At Yuma, how- 
ever, although the soils are lighter than most Egyptian cotton soils 
and planting has heretofore been done at a later date than is usually 
the case in Egypt, a depth of only 14 inches gave excellent results, 
the seed having germinated readily and the plants having become 
well established in a very short time. 

The cotton plant, when once established, will survive rather adverse 
climatic conditions, but during the first two weeks after germination 
it is sensitive to excessive moisture, heat, and cold. The seedlings 
of Egyptian cotton, however, are hardier than those of Upland 
cotton and recover more quickly from the effects of cold weather. 
Dry planting followed by a flooding, which is a frequent procedure 
in growing grain under irrigation, should never be practiced with 
cotton. The water packs the soil so firmly about the seed that a poor 
stand is sure to result. Very little moisture is required to germinate 
cotton seed provided the soil is lightly firmed about the seed at the 
time of planting. 

When the cotton drill is used in planting, the seed should be 
dropped about 6 inches apart in the row if the plants are afterwards 
to be thinned to a distance of 3 feet. If the distance after thinning 
is to be less than 3 feet, the seeds should be dropped correspondingly 
closer. When the plants are 6 inches high, or soon after the third 
leaf appears, they should be “ chopped” out to the desired distance 
with a hoe. If hand planting is practiced, care must be taken in 
thinning the hills to avoid injury to the plants that are left standing. 
The difficulty in doing this satisfactorily is one of the principal objec- 
tions to planting in hills. 

Tn selecting seed for planting only ripe. heavy seed that shows a 
high percentage of germination “ should be chosen. Egyptian cotton 
seed that has been grown in the Southwest for several years is in every 
way preferable for planting to seed newly imported from Egypt, as 
it is better adapted to the changed climatic conditions. Plants from 


«\ conyenient method for testing the viability of cotton or other seeds is to 
place 100 seeds between two pieces of moist cotton cloth and inclose the cloth 
and seed between two plates. The number of seeds that germinate constitutes 
the percentage of viability. 
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such seed have a more determinate growth, yield better, and their 
bolls open more satisfactorily than those from unacclimated seed. 


CULTIVATING. 


If the ground has been well irrigated and then thoroughly pulver- 
ized previous to planting, the plants will reach a height of 8 to 10 
inches before a second irrigation is required. Withholding water 
for some time after planting encourages the development of a deep 
root system. On the other hand, frequent irrigation at this time 
encourages the growth of lateral roots close to the surface of the soil, 
which is undesirable, as plants possessing a root development of this 
character are the first to suffer in case there is a shortage of water 
later in the season. Thorough cultivation, so as to establish a dust 
mulch 2 or 3 inches deep, should follow every irrigation just as soon 
as the soil is dry enough to be tilled. Conservation of soil moisture 
by cultivation is cheaper and more satisfactory than frequent irri- 
gation. 

On light soils a 14-harrow-tooth cultivator is the best implement to 
use in forming a dust mulch. On heavy soils a five or seven shoveled 
cultivator with a pulverizing attachment, followed by the harrow- 
toothed cultivator, will produce the same results. It is advisable to 
use the scuffle-hoe attachment for the five-shoveled cultivator in case 
the field is weedy. If the land is free from weeds, the only hand work 
necessary will be that required in thinning out the plants and loosen- 
ing the soil around them after the first irrigation, while they are small 
and tender. The experience so far obtained at Yuma would indicate 
that cultivation should cease soon after the plants begin blossoming. 


PICKING, 


In localities where frost occurs early in the fall, the growing period 
ean be shortened by giving the last irrigation at a correspondingly 
early date. If this is done, the plants will set their bolls and mature 
their crop much earlier than when an abundance of water is given 
throughout the growing season. In localities where the season is 
comparatively short and it is consequently necessary to restrict the 
growing period of cotton, closer planting is also to be recommended. 

If the cultural methods above described are followed, cotton planted 
in the Colorado River region in the middle of March should be ready 
for the first picking by the middle of September. Egyptian cotton 
has a less determinate growth than the Upland varieties and matures 
its crop during a longer period and at a lower temperature than the 
latter. This necessitates a larger number of pickings than for most 
Upland varieties. The comparatively rank growth of the Egyptian 
varieties, making work between the rows more difficult, their habit 
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of bearing the bolls at the ends of the branches, thus bending the 
latter to the ground, and the smaller size of the bolls make picking 
slower and hence more expensive than with Upland varieties. It is 
probably safe to estimate that the average cotton picker can gather 
Egyptian cotton about two-thirds as rapidly as Upland. 

In 1907, when the first killing frost did not occur until after the 
middle of December, four and on some plats even five pickings of 
Egyptian cotton were made at Yuma. But if the crop is grown on a 
commercial scale, it is probable that, as in Egypt, only three, or at 
most four, pickings will ordinarily be made. It is, however, es- 
pecially important with Egyptian varieties not to leave the cotton 
unpicked for any considerable length of time after the bolls open, as 
exposure to the weather damages the fiber. In picking, great care 
should be taken to keep the cotton as free as possible from fragments 
of leaves, flowers, bolls, ete. In grading Egyptian cotton much im- 
portance is attached to its freedom from “ trash,” and the price ob- 
tained largely depends upon the cleanness of the fiber. 

No very satisfactory and economical method has yet been found for 
removing the stalks that remain in the field after the last picking. 
The vigorous growth of Egyptian cotton plants makes the methods 
used with Upland cottons in the South impracticable. Probably as 
good a way as any is to cut out the plants by hand and throw them 
into piles; one man can do this work at the rate of an acre a day. 
Until some economical use is found for the stalks, they can best be 
disposed of by burning them in the field as soon as they are dry. If 
there are many immature bolls and green leaves remaining after the 
last picking, the field can be profitably pastured by dairy stock or 
beef cattle. 


MACHINERY REQUIRED, 


No expensive field machinery is necessary in Egyptian cotton cul- 
ture. When the land has once been leveled, the only implements 
needed by the individual farmer are an ordinary two-horse walking 
plow or disk plow, a smoothing harrow, a homemade leveling drag, 
a two or four horse disk harrow, and a one-horse cotton drill. With 
the exception of the last, all of these implements are to be found on 
the average irrigated farm. 

In order to prepare the product for the market, more costly 
machinery, i. e., gins for separating the fiber and presses for baling 
it, will be required. These can be more advantageously purchased 
and operated by a cooperative association of cotton growers than 


4Mr. Robert Viewig, who grew Egyptian cotton at Godwinsville, Ga., in 1900, 
reported to Mr. L. H. Dewey, of the Bureau of Plant Industry, that the negroes 
in his vicinity preferred to pick Egyptian cotton at the rate of 75 cents a 
hundred pounds to Upland cotton at 50 cents a hundred pounds. 
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by individual farmers. The long fiber of Egyptian cotton can not 
be separated without injury by the saw gins used for short-staple 
Upland cottons. Roller gins, such as are used in Egypt and in the 
Sea Island district in South Carolina and Georgia, will be necessary. 
A good roller gin, capable of turning out 60 to 100 pounds of fiber 
an hour, costs at the factory about $150.c It will be found more 
economical to set up a battery of from four to eight gins than to 
install power to run a single gin. As a rule, in Egypt much greater 
care is used in ginning than in the United States, and the fiber as it 
reaches the manufacturer is much cleaner and more attractive look- 
ing. If this type of cotton is grown in the southwestern United 
States, the chances of marketing it advantageously will be much in- 
creased by careful ginning. 
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Fig. 2.—Finished Egyptian cotton bales at a ginnery at Kafr ez Zayat, Egypt. 


A single-box screw press having an hourly capacity of 1} bales 
(hence about the capacity of 10 roller gins) can be purchased at the 
factory for $160. A revolving double-box press with an hourly 
capacity of 4 to 5 bales costs from $300 to $500 at the factory. These 
presses will turn out ordinary rough bales in sufficiently good shape 
for shipment to one of the southern cities where compresses are 
operated. At the outset, presses of this description would probably 
answer the purpose of southwestern cotton growers. 

We must not, however, lose sight of the fact that buyers and manu- 
facturers of Egyptian cotton are accustomed to receiving it in the 
very SEN oe well-made bales shown in text figure 2. The care with 


“Another roller gin that is much used in the Sea Island district is stated 
to have a capacity of 14 bales daily. While the saw gin does much more rapid 
work than the roller gin, it would be almost impossible to market long-staple 
fiber if ginned on the former machine. 
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which it is put up has contributed not a little to enhance the reputa- 
tion of this type of cotton. Almost without exception American users 
of Egyptian cotton have mentioned the care with which it is ginned 
and baled as one of their chief reasons for preferring it. If Egyptian 
cotton culture were to be undertaken on a commercial scale in the 
Southwest, growers in that section would obtain a great advantage by 
securing, from the outset, a reputation for care in putting up their 
product equal to that enjoyed by the Egyptians. To accomplish this 
a compress will be needed in order to make the bales turned out by the 
gin presses still more compact. If a compress were located in the 
region where the cotton is grown, so that the much less bulky com-: 
pressed bales could be shipped from the point of production, a con- 
siderable saving in freight rates would doubtless result. In view of 
the long haul to a seaport that will be necessary, this 1s a very impor- 
tant consideration and should not be overlooked by those who may 
contemplate growing cotton in the Colorado River region. 

The compresses ordinarily seen in the cotton belt are large estab- 
lishments located at important shipping centers and costing $35,000 
to $50,000. There is, however, a compress manufactured in the 
United States that costs only $3,800, delivered on the cars at the fac- 
tory. It is calculated that set up at any point on the railway in 
southern Arizona or southeastern California it would cost not more 
than $5,500. This compress is advertised as turning out a bale which 
is 55 by 21 by 20 to 26 inches in dimensions“ and which weighs ap- 
proximately 500 pounds. The daily capacity is said to be from 100 to 
125 bales (in a twenty-four-hour day). Such a compress should be 
able to handle all the cotton produced in a large community. The de- 
creased bulk of the bales, which would result in a saving of freight 
rates, and their attractive appearance, which would facilitate sales to 
buyers and manufacturers of this type of cotton, should be ample 
warrant for installing such a compress in any community where 
Egyptian cotton growing is seriously undertaken. 


ROTATIONS. ~ 


The alluvial soils of the Salt, Yuma, and Imperial valleys are for 
the most part well supplied with all the mineral elements necessary 
for plant growth, but are often deficient in humus or organic matter, 
which is essential in maintaining a proper physical condition. Fur- 
thermore, cotton, if planted continuously on any soil, will gradually 
deplete its fertility, being especially exhaustive of nitrogen. In 
order, therefore, to maintain a sufficient nitrogen content and to in- 


a@This bale would therefore be about as bulky in proportion to the weight of 
its contents as the Egyptian and about two-thirds as bulky as the ordinary 
American compressed bale. 
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crease the supply of humus, leguminous crops should be grown in 
rotation. For a long-period rotation there is nothing better than 
alfalfa. But if it is desired to grow cotton at frequent intervals on 
the same land, winter annual or green manure crops must be intro- 
duced. -Berseem (Alexandrian clover) is extensively used for this 
purpose in Egypt, and experience indicates that it will do well 
as a winter crop under irrigation in the Colorado River region. 
The productiveness of this clover and the great number of nitrogen- 
bearing nodules that develop on its roots make it an excellent plant 
to use in rotation with cotton and with cultivated summer crops in 
general. Other leguminous plants, some of which will probably 
prove valuable as soiling or green-manure crops, are being tested in 
the region. Ifa proper rotation system is adopted at the outset, com- 
mercial fertilizers will probably. not be required in this region for 
many years in connection with cotton raising. 


LABOR CONDITIONS. 


The greatest obstacle to cotton culture in the Southwest at present 
is the difficulty of procuring labor for picking. In this connee- 
tion it may be stated that picking is the only cultural operation 
that costs more for Egyptian than for Upland cotton. The cost 
of preparing the land, planting, irrigating, and cultivating is the 
same for both kinds. Hence, the total expense to the acre in pro- 
ducing Egyptian cotton is very little more than in producing Upland 
cotton. 

The labor conditions in the Colorado River region are unusual, 
owing to its remoteness from labor centers. Ordinary farm labor 
often commands $2 a day or $1.50 with board. Cotton picking, 
however, can be satisfactorily performed by the cheapest class of 
labor. Under certain conditions some of the agriculturally inclined 
Indians might make very good pickers. In the event of cotton cul- 
ture being developed on a commercial scale, Indian families could 
probably be employed to do the picking at a reasonable cost. If the 
industry becomes established in this region, the cost of picking will 
probably be reduced in proportion as the population becomes denser 
and the pickers more adept. 

It is believed, however, that the best chance of establishing a cot- 
ton industry in the Colorado River region is not on the basis of a 
large individual acreage, requiring much hired labor, but on the 
basis of 2 to 5 acres to each farm, the farmer’s family supplying most 
of the labor needed. A total acreage large enough to warrant the 
establishment of a compress could thus be secured. The compara- 
tively small size of the farm units on the Salt River and Yuma 
reclamation projects will favor this distribution of the cotton acre- 
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age among many small growers. On this basis Egyptian cotton may 
reasonably be expected to become one of the staple crops in the 
irrigated districts of the hot Southwest. 


MARKETS AND TRANSPORTATION. 


The Colorado River region is a long way from the manufacturing 
centers where Egyptian cotton is chiefly used. In the United States 
these are mostly situated in New England. To market the product 
to the greatest advantage it will probably be necessary to ship it either 
to Boston or to Liverpool, the latter city being the greatest market 
in the world for Egyptian cotton. This will necessitate transpor- 
tation by railway either to Galveston, Tex., the nearest port on the 
Gulf of Mexico, or else to some Pacific coast port, whence shipment 
could be made around Cape Horn. The former route would require 
a longer haul by railway, but a very much shorter transit by water 
to ports that are near the manufacturing centers. The latter route 
will very likely become the cheaper one when the Panama Canal 1s 
completed. 

There is reason to hope that ultimately there will be a market on 
the Pacific coast for all cotton grown in Arizona and California. A 
mill which it is said now obtains from Texas 12,000 bales of cotton an- 
nually has been in operation in California for twenty years. Only 
short-staple cotton is utilized by this factory, but the existence near 
the Pacific coast of a source of supply of more valuable fiber might 
encourage the erection of factories adapted for the manufacture of 
the best grades of cotton goods. 

The seed is a by-product of immense value in connection with cot- 
ton growing. There would probably be a good local market among 
dairymen and feeders for most of the cotton seed produced in the 
Colorado River region, since the price of all feed stuffs is very high 
there. Oil mills would probably soon spring up on the Pacific coast 
and would afford a market for any surplus that might exist. 


DISEASES AND INSECT ENEMIES. 
DISEASES. 


The cotton plant is susceptible to a number of diseases caused by 
fungi and bacteria, the most serious of which in the United States 
are root-rot, anthracnose or boll-rot, wilt, and the disease which is 
sometimes known as “black arm.” The last is a bacterial disease 
to which the Egyptian varieties are peculiarly sensitive. The other 
maladies are due to the attacks of fungi. Boll-rot, or anthracnose, 
and “ black arm” are very apt to be disseminated with seed from in- 
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fected areas, and it is probable that the wilt disease also can thus 
be conveyed. In obtaining cotton seed from the Southern States, 
therefore, great care should be taken to ascertain that the district 
from which it comes is free from all these diseases. 

None of these diseases has as yet appeared as a foe to cotton in the 
irrigated districts of the Colorado River region, although there is 
every reason to fear that the root-rot, a disease peculiar to the South- 
west, which is more or less prevalent on alfalfa in the Salt River 
Valley, may also attack the cotton plant. The only preventive meas- 
ure that can at present be recommended is to avoid planting cotton 
on land on which alfalfa has died out in a manner suggesting the 
presence of root-rot. Since this fungus apparently exists in virgin 
land in the Southwest, sometimes attacking the first crop grown 
after such land is broken, it will be advisable to give all soil on 
which cotton is to be planted thorough aeration by means of a deep 
fall plowing. 

THE BOLL WEEVIL. 


Of the insects that attack cotton in the United States, the most 
injurious are the Mexican boll weevil and the bollworm. The weevil 
is especially to be dreaded in the Southwest. This scourge of cotton 
culture was first introduced into Texas from Mexico in 1893. It has 
spread so rapidly that in 1907 the infested area not only included the 
greater part of Texas and Louisiana, but had extended into Arkansas, 
Mississippi, and Oklahoma. There is no small danger that the entire 
cotton belt of the South will ultimately become infested with this 
insect. The direct loss due to the depredations of the weevil during 
the season of 1907 is estimated at 385,000 bales, valued at $25,000,000. 
There is no question that the weevil can be distributed with the seed. 
For this reason, cotton seed should under no circumstances be intro- 
duced into Arizona or California from the weevil-infested regions of 
the South unless it has been fumigated under proper supervision. 

Owing to the danger of introducing not only the weevil but the 
bacterial and fungous diseases already described, the safest plan will 
be to import no seed from any section of the South without thor- 
oughly fumigating it upon arrival. 


BERMUDA GRASS IN RELATION TO COTTON CULTURE. 


Bermuda grass has gained a substantial foothold in the valley of the 
Colorado River just below Yuma, and conditions there have proved 
so favorable to its growth that it has become a most serious pest. 
This is one of the few regions in the United States where this grass 
produces seed, and it has been found to seed freely there throughout 
the summer, from May to November. 
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Since the plant quickly takes possession of ditch banks, where it 
makes a luxuriant growth, the seeds spread rapidly in the irrigation 
water and the weed soon gains a foothold on all irrigated land. Hay- 
ing once gained such a foothold, the grass spreads rapidly, and unless 
vigorous methods are used it soon completely infests the land. On 
the heavier soils it seems to resist successfully all attempts to eradi- 
vate it as long as the land is irrigated. In fact, no cases are yet 
known at Yuma where heavy land once infested has been entirely 
reclaimed from it. 

Where water is supplied through infested ditches, the utmost vigil- 
ance is required to keep the weed in subjection. In view of the fact 
that cotton requires but little irrigation and permits thorough culti- 
ration, this crop is admirably adapted for use where Bermuda grass 
infestation 1s likely to occur, and also where it 1s proposed to attempt 
the eradication of the weed. 

It seems probable that fair success in eradication might be hoped 
for if an infested field were pastured down very close during one sum- 
mer, plowed in the autumn, allowed to he dry for eighteen months, 
with an occasional cultivation during the intermediate summer to kill 
any plants that might start growth, and then planted to cotton the 
third season. One thorough irrigation in March just before plant- 
ing and another early in May would be enough to mature the cotton 
crop, and if these irrigations were followed by thorough and persist- 
ent cultivation the growth of Bermuda grass would at least be seri- 
ously checked, and such treatment might be sufficient to kill out the 
plants completely. 

It has been noted that a very fair crop of cotton, amounting to 
nearly one bale to the acre, was produced at Yuma with but two irri- 
gations, one on March 23 and one on May 9, on land that had not been 
irrigated for nearly a year before the cotton was planted, and which 
was therefore very thoroughly dried out. 

Unless some comparatively drought-resistant crop, such as cotton, 
ean be grown on these Bermuda-grass-infested soils, it will be hope- 
less to try to reclaim them without keeping them dry and well culti- 
vated for at least two years. 


SUMMARY. 


During the past ten years the United States has imported on the 
average 53,000,000 pounds of Egyptian cotton annually. In 1907 the 
direct imports from Egypt were valued at $16,000,000, and the aver- 
age price per pound paid in Boston for Egyptian cotton was about 
22. cents. 

Egyptian cotton resembles Sea Island in many respects, the fiber 
being long, very strong, and very fine and silky. That of the leading 
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variety, Mit Afifi, is characterized by its brown color. Egyptian 
cotton is in demand for manufacturing high-grade goods of various 
kinds and is especially suitable for mercerizing and for mixing with 
silk. 

The Bureau of Plant Industry has for several years experimented 
with Egyptian cotton at various localities in the southern United 
States, from South Carolina to central Texas. The results in the 
main cotton belt do not promise much success, the failure of many of 
the bolls to ripen before the first killing frost in the autumn making 
it impossible to obtain the maximum yields. 

The Colorado River region in southern Arizona and southeastern 
California, which is the part of the United States that most nearly 
resembles Egypt in its long, hot, nearly rainless summers and its agri- 
culture under irrigation, has proved to be well adapted to Egyptian 
varieties of cotton. 

Experiments carried on in the Southwest, especially at Yuma, 
Ariz., during the last five years, have demonstrated that good yields 
of high-grade Egyptian cotton can be produced in that region. 

Acclimatization has, however, been found necessary, since during 
the first two or three years of the experiments the plants made an 
excessive growth of wood and produced relatively few bolls, which 
ripened late and did not open satisfactorily. 

During the past two seasons the size of the plants has diminished, 
the average number of bolls on each plant has greatly increased, they 
have ripened much earlier, and they have opened wide, rendering 
picking much easier. 

Careful selection has also been necessary, especially with the prin- 
cipal variety, the Mit Afifi, which, when first introduced into the 
United States, was found to be much mixed, containing a large per- 
centage of inferior individuals. The average length of the fiber was 
less than 12 inches, and it lacked the strength, fineness, and uniform 
light-brown color that characterize the best grades grown in Egypt. 

In 1907 the average length of fiber in the experimental field at 
Yuma was practically 14 inches, and the strength, fineness, luster, and 
color were very satisfactory. 

The selections include two well-marked types, corresponding to the 
two leading Egyptian varieties, Mit Afifi and Jannovitch. The first 
has fiber about 15 inches in length, crinkly but fine, and of a pro- 
nounced brown color. The second, which more nearly approaches 
Sea Island varieties, averages 12 inches in the length of its fiber, 
which is silky, lustrous, and of a very light cream color. 

Mit Afifi Egyptian cotton yielded at Yuma in 1907 at the rate 
of 8,300 pounds of seed cotton to the acre. The percentage of lint 
being about 30, this gives a yield of two American bales, which prac- 
tically equalled that of any Upland variety grown in the same field, 
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This yield was obtained with the rows 6 feet apart and the plants 
8 feet apart in the rows, while in Egypt the rows average 32 inches 
apart and the hills 16 inches apart, with two plants in each hill. 
Hence, in Egypt there are ordinarily ten times as many plants to the 
acre as in the experiments at Yuma. As acclimatization in the 
Southwest progresses, the plants will probably become smaller and 
the distance for planting can be decreased. 

Early planting gives much better results than later planting. The 
seed should be put in as soon as there is reasonable certainty of no 
further danger from killing frosts. 

A level seed bed, with flood irrigation, is probably better adapted 
to conditions in the southwestern United States than the furrow 
method of planting and irrigating that is practiced in Egypt. 

Cotton is a relatively drought-resistant plant by virtue of its deep 
taproot, which in the loamy soils of Yuma Valley penetrates from 6 
to 8 feet. Consequently, it requires less water than most crops that are 
grown under irrigation. 

Preliminary experiments indicate that even in a rather light loam 
soil two irrigations after planting suffice to produce a good crop of 
cotton, provided a thorough cultivation is given after each watering 
and a good dust mulch is at all times maintained. Irrigation is ap- 
parently unnecessary after the first of September. Heavy irrigations 
late in the season retard ripening and increase the risk of loss from 
early frosts. 

The high fall temperatures of the Colorado River region and the 
indeterminate growth of Egyptian cotton plants cause the ripening 
of the fiber to be continued during several months. Three or four 
pickings are necessary to harvest the bulk of the crop. 

The small size of the bolls of Egyptian varieties and the vigorous 
growth ‘of the plants make picking slower than with large-bolled 
Upland varieties. To gather 100 pounds of Egyptian seed cotton 
requires one and one-half times as long as to gather the same quantity 
from big-bolled Upland varieties. 

The greater cost of picking is relatively unimportant, however, 
in view of the much higher price brought by Egyptian cotton. That 
of the grade grown at Yuma in 1907 should be worth more than 13 
times as much as Middling Upland cotton. The expense of all other 
cultural processes is the same for both types of cotton. 

At least 600,000 acres of land will be under irrigation in the Colo- 
rado River region within a few years. One-fifth of this acreage, 
with a yield of one American bale to the acre, could produce the aver- 
age amount of Egyptian cotton that has been imported into the 
United States during the last ten years, 
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DESCRIPTION OF PLATES. 


Puate I. Frontispiece. General yiew of the experimental field of Egyptian and 
other varieties of cotton at Yuma, Ariz., in 1907. The breeding rows are 
shown in the foreground. Plats were also grown for yield tests and for ex- 
periments with different times and frequency of irrigation. The rows were 
6 feet apart and the plants 3 feet apart in the rows in this field. 


Puate II. Fig. 1.—A plant of Egyptian cotton at Yuma in 1903, grown from 
seed produced by plants grown the year previous from imported seed. The 
illustration shows the undesirable shape and rank growth of the unacclima- 
tized plants (the shaft of the auger being 33 feet long) ; also the compara- 
tively small number of bolls produced. Fig. 2.—Mit Afifi Egyptian cotton 
at Yuma in 1907, showing the productiveness and satisfactory opening of 
the bolls brought about by six years of acclimatization and selection. The 
ripe cotton hangs loose in the fully open bolls, making picking much easier 
than was the case during the first three years after introduction into the 
Southwest, when the bolls opened only partially and the cotton had to be 
pulled out between the points of the valves. 


Puare III. Representative plants of Mit Afifi Egyptian cotton at Yuma in 1907, 
showing the greatly reduced size and improved shape as compared with the 
plant shown in Plate II, figure 1. The plant with a branch nearly as long 
as the main stem, shown in the upper figure, is the more typical one. Tbe 
perfect manner in which the bolls opened in 1907 is well shown in the lower 
figure. 


Puare IV. Open (b,c) and unopened (c,d) bolls and detached involucral 
bract (a) of Mit Afifi cotton at Yuma in 1907, natural size. The illustra- 
tion shows the small, pointed, 3-locked bolls characteristic of the Egyptian 
type of cotton. The open bolls are seen both from above (0) and from the 
side (e). 


PLATE V. Combed-out seed cotton (natural size) of one of the individual selec- 
tions of Mit Afifi cotton grown at Yuma, Ariz., showing increased length 
due to five generations of selection. A is the original selection, grown in 
1903 from seed produced the year before from imported seed, and is the 
progenitor of B, which was produced in 1907. Owing to the curling of the 
fibers after combing, the full length, which was 12 inches in A and 13 
inches in B, isnot shown. The illustration represents the average difference 
in length between the forty individual selections made in 1907 and their 
progenitors in 1905. 
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Fic. 1.—EGYPTIAN COTTON PLANTS AT YUMA, ARIZ., IN 1903, SHOWING RANK 
GROWTH AND RELATIVE STERILITY. 
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Fic. 2.-EGYPTIAN COTTON PLANTS AT YUMA IN 1907, SHOWING PRODUC- 
TIVENESS AND SATISFACTORY OPENING OF BOLLS. 


Bul. 128, Bureau of Plant Industry, U. S. Dept. of Agriculture PLATE III. 


Fic. 1.—TYPICAL MIT AFIFI COTTON PLANT GROWN AT YUMA, ARiz., IN 1907. 


FiG. 2.—ANOTHER TYPICAL MIT AFIFI COTTON PLANT GROWN AT YUMA IN 1907. 


Bul. 128, Bureau of Plant Industry, U. S. Dept. of Agriculture. PLATE IV. 


OPEN AND UNOPENED BOLLS OF MIT AFIFI COTTON GROWN AT YUMA, ARiIZ., IN 1907. 


(Natural size.) 


PLATE V. 


Bul. 128, Bureau of Plant Industry, U. S. Dept. of Agriculture. 


Mit AFIFI SEED COTTON, SHOWING IMPROVEMENT 


BY SELECTION: A, SELECTION OF 1903; B, DESCENDANT IN 1907. 


(Natural size.) 
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LETTER OF TRANSMITTAL. 


U. S. DEPARTMENT oF AGRICULTURE, 
Bureau or Piant Inpustry, 
OrrIce OF THE CHIEF, 
Washington, D. C., April 10, 1908. 

Sir: I have the honor to transmit herewith the manuscript of a 
technical bulletin entitled “ Barium, a Cause of the Loco-Weed Dis- 
ease,” prepared by Dr. A. C. Crawford, Pharmacologist, under the 
direction of Dr. Rodney H. True, Physiologist in Charge of Poison- 
ous-Plant Investigations, and to recommend that it be published as 
Bulletin No. 129 of the series of this Bureau. 

For many years the stockmen in many parts of the West have re- 
ported disastrous consequences following the eating of so-called loco 
weeds characteristic of the regions involved. While many have 
doubted any causal relation between the plants in question and the 
stock losses, the reality of the damage has remained and has seemed 
to require a thoroughgoing sifting of the evidence concerning the 
part played by the plants. Accordingly, in the spring of 1905 a 
station for the experimental study of the problem was established 
at Hugo, Colo., in charge of Dr. C. Dwight Marsh, Expert, in 
cooperation with the Colorado Agricultural Experiment Station. 
Later a further feeding experiment was undertaken at Imperial, 
Nebr., in cooperation with the Nebraska Agricultural Experiment 
Station. Parallel with the feeding work in the field, laboratory 
work, designed to test under laboratory conditions the poisonous 
action of the plants from given areas, was undertaken at Washing- 
ton by Dr. A. C. Crawford, Pharmacologist. A further phase of 
his part of the work was an attempt to ascertain the nature of such 
poisonous substance or substances as might occur in the loco plants. 

In both of these lines of work Doctor Crawford has been successful, 
and the technical results of his work are here collected. 

Respectfully, 
B. T. GaLioway, 
Chief of Bureau. 
Hon. James Winson, 
Secretary of Agriculture. 
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INTRODUCTORY. STATEMENT. 


A scientific understanding of the so-called loco-weed disease has 
been demanded and sought after for several decades for most prac- 
tical purposes, but, in spite of the great amount of attention which 
this problem has received, no general agreement has been found 
among the results obtained. The field investigations have given 
such contradictory evidence that until the Bureau of Plant Industry 
of the Department of Agriculture turned its attention to the matter 
the whole subject of the loco disease was regarded by many as a kind 
of delusion and the existence of a distinct entity was freely doubted. 
Not only did this confusion characterize the field aspect of the 
matter, but the situation viewed from the standpoint of laboratory 
study was also much obscured. Some investigators claimed to have 
separated poisonous substances of various sorts from the loco weeds, 
while others of equal scientific standing denied the presence of any 
poisonous substance in the plants under general suspicion—the 
so-called loco weeds. 

In view of the great seriousness of the loco situation from the 
standpoint of the stock interests, an active campaign both in the line 
of feeding experiments in the field and laboratory study at Wash- 
ington was undertaken by the Office of Poisonous-Plant Investiga- 
tions of the Bureau of Plant Industry. 

The feeding experiments carried out at Hugo, Colo., in coopera- 
tion with the Colorado Agricultural Experiment Station, before the 
close of the first season developed evidence that there was in reality 
such a thing as a loco disease. The investigator in charge was 
enabled to describe the disease in its most important manifestations 
and made it possible to sift the facts from the large number of 
contradictory statements in the literature. 

The laboratory work, undertaken and carried on simultaneously, 
consisted of a pharmacological study, under laboratory conditions 
and with the usual laboratory subjects, of the action of plant mate- 
rial sent in from the field. The acute phase of loco-weed poisoning, 
as well as a more prolonged type of the disease, was studied. In plants 
found in this preliminary feeding to be harmful, the poisonous prin- 
ciple was sought, with the very striking results fully described in this 
paper. The demonstration of the presence of barium in the plants 
was followed by barium feeding, with the production of symptoms 
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which agreed with those produced in the laboratory with loco 
extracts and in the field experiments with the loco plants as seen 
growing on the range. By comparing these laboratory results with 
those produced in connection with the field work, it became possible to 
sift the wheat from the chaff in the mass of contradictory evidence 
detailed in the literature of this subject. 

The practical importance of the discovery of the true nature of 
the active poisonous principle of the loco weeds is very great. It not 
only sheds light on the loco situation and enables one to explain many 
hitherto inexplicable things, but it also adds much to our knowledge 
of barium in its medical bearings. It opens up most important prob- 
lems concerning the soils and the relation of the flora to them. It 
should be borne in mind that although barium is shown to be chiefly 
responsible for the poisonous properties of loco weeds in eastern 
Colorado, it is entirely possible that in other regions other substances 
may be equally or even more significant. This discovery also seems 
likely to provide a basis for a rational treatment of locoed stock. 
Unfortunately, the discovery of the fact that barium is the poisonous 
constituent of loco weeds came too late to aid in the search for 
remedial measures on the range during the period covered by this 
report, but those empirically arrived at have received additional 
support from these laboratory results. 

Thus the work in field and laboratory, undertaken after repeated 
attempts and discouraging failures by others, has yielded results 
to persistent scientific research and promises practical aid to the now 
suffering live-stock interests. The results of the laboratory work 
are presented in this bulletin. 

Ropney H. True, 
Physiologist in Charge. 
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BARIUM, A CAUSE OF THE LOCO-WEED 
DISEASE. 


GEOGRAPHICAL DISTRIBUTION OF THE LOCO-WEED DISEASE 
AND ALLIED CONDITIONS. 


In our Western States there is a marked annual loss of stock due 
to various causes. Some of these animals die in a condition known 
as “ locoed,” a term derived from the Spanish word * loco,” meaning 
foolish or crazy. 

This disorder extends from Montana to Texas and Mexico, and 
from Kansas and Nebraska to California.‘ 

In 1898 the United States Department of Agriculture sent out, 
under the immediate direction of Mr. V. K. Chesnut, a request for 
information concerning the ravages of the loco disease. It was 
found that in the ten States of California, Colorado, Kansas, Mon- 
tana, Nebraska, New Mexico, North Dakota, Oklahoma, Texas, and 
Wyoming the loss in 1898 was $144,850. Of this amount, $117,300 
was attributed to Colorado alone; in fact, the disorder spread so 
that this State expended more than $200,000 in two years and over 
$495,000 in a period of nine years in attempts to eradicate the loco 
plants, the supposed cause of the trouble.” 

The loss in one area of 35 by 120 miles in southwestern Kansas 
amounted to 25,000 cattle in 1883.¢ This loss in stock has been so 
great that the raising of horses has of necessity been abandoned in 
certain areas on account of the prevalence of these loco weeds. 

It is difficult to obtain accurate data, as the ranchmen believe that 
any information as to the prevalence of the disorder would interfere 
with the value of their stock.? 

Dr. James Fletcher, of the Central Experimental Farm, Ottawa, 
Canada, testified before the Select Standing Committee on Agri- 

“Stalker, M. The “Loco” Plant and Its Effect on Animals. Bur. Animal 
Industry, 3d Ann. Rept. (1886), p. 271. 1887. 

> Bur. Animal Industry, 6th and 7th Ann. Repts. (1889 and 1890), p. 272. 
1891. 

¢Day, M. G. Loco-Weed. In F. P. Foster’s Reference-Book of Practical 
Therapeutics, vol. 1, p. 587. 1896. 

4Q’Brine, D. Progress Bulletin on the Loco and Larkspur. .Colo. State 
Agric. Coll. Bul. 25, p. 18. 1893. 
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culture and Colonization that he had never seen a case in the North- 
west of a Canadian bred animal being locoed, although the loco 
plants were prevalent. He explained this absence of loco disease 
by the abundance of grass on the range, because of which the animals 
do not acquire the habit of eating loco plants.t Cases have been 
reported, however, in Manitoba.’ 

PLANTS ASSOCIATED WITH THE LOCOED CONDITION. 

The condition known as “ locoed ” is popularly believed to be due 
to eating various plants, especially the members of the Astragalus 
and Aragallus genera of the Leguminose, or pea family, but 
particularly to Astragalus mollissimus and Aragallus lamberti. 
These plants have therefore received the name “loco plants,” ° or 
crazy weed. But others, as Astragalus mortoni,’ A. hornii, A. 
lentiginosus, A. pattersoni A. nuttallianus, A. missouriensis, A. 
lotiflorus, A. bisulcatus, A. haydenianus,! A. tridactylicus Crotala- 
ria sagittalis, Lotus americanus,’ Sophora sericea, Caprioides aureum, 
Aragallus deflexa,' A. campestris, A. lagopus,’ Malvastrum cocet- 
neum, Amaranthus graecizans, and Rhamnus lanceolata, are con- 
sidered by some as loco plants.’ In other places Stipa vaseyi, Leu- 
cocrinum montanum, Fritillaria pudica, Zygadenus elegans," and 
even species of Delphinium are considered loco plants, so widely has 
this name been used. 

In Mexico the term “locoed ” embraces a condition due to the 
action of Cannabis sativa and various members of the nightshade 
family. This term has been much abused and has been made to 
embrace many groups of symptoms. In fact, if an animal dies while 


4¥Wletcher, J. Evidence Before the Select Standing Committee on Agriculture 
and Colonization. Ottawa, 1905, p. 53. 

+ Wletcher, J. Experimental Farms Reports for 1892, p. 148. 1895. 

¢ Sayre, L. E. Loco Weed. Amer. Vet. Rev., vol. 11, p. 555. 1887.—Stalker, 
M. The “ Loco” Plant and Its Effect on Animals. Bur. Animal Industry, 3d 
Ann. Report. (1886), p. 271. 1887. 

@BWastwood, A. The Loco Weeds. Zoe, vol. 3, p. 538. 1892. 

€ Chesnut, V. K. Preliminary Catalogue of Plants Poisonous to Stock. Bur. 
Animal Industry, 15th Ann. Rept. (1898), p. 404. 

f Williams, T. A. Some Plants Injurious to Stock. S. Dak. Agric. Coll, and 
Hxper, Sta.-Bull 33; ps 21. W893: 

9 Givens, A. J. Loco or Crazy Weed. Med. Century, vol. 1, p. 22. 1893. 

h Bastwood, A., 1. ec. 1892. 

7 Sayre, L. E. Loco Weed. Amer. Vet. Rev., vol. 11, p. 555. 1887. 

j Amer. Pharm. Assoc. Proc. for 1879, vol. 27, p. 611. 1880. 

k Kelsey, F. D. Another Loco Plant. Bot. Gaz., vol. 14, p. 20. 1889. 

1 Sayre, L. E. Loco Weed. Kans. State Board Agric., 5th Bienn. Rept., 
p. 209. 1887. 

m Anderson, F. W. Poisonous Plants and the Symptoms They Produce. Bot. 
Gaz., vol. 14, p. 180. 1889.—Pammel, L. H. Loco Weeds. Vis Medicatrix, 
vol. 1, p. 44. 1891. 

129 


PLANTS ASSOCIATED WITH THE LOCOED CONDITION. 11 


showing more or less stupor it is said to be locoed.*. The early 
Spanish settlers seemed to be unfamiliar with the disease, or at least 
of any causative relation between the plant and the disease. The 
Spanish name for Astragalus mollissimus was “ Garbanzillo,” from 
its resemblance to Garbanzo (Cicer arietinum), which is used in 
Spain as a food.” The term as applied to this condition seems to 
be of comparatively recent origin.° 

A somewhat similar condition to the loco in stock is sometimes 
attributed by the ranchmen of our Western States to eating various 
sages.’ In Texas the loco disease is known as “ grass staggers.”¢ 

Hayes! has described as follows a condition known as grass stag- 
gers, which apparently has little resemblance to loco and is supposed 
to be due to eating overripe grass, especially rye. 

The symptoms, generally, take two or three days to become developed. The 
animal gradually becomes more or less unconscious and paralyzed and stag- 
gers if forced to walk. Although he may have great difficulty in keeping on 
his legs, he is extremely averse from going down and leans for support against 
any convenient object. He breathes in a snoring manner. The mucous mem- 
branes are tinged with yellow. Convulsions, or spasms, like those of tetanus, 
may come on. 

Recovery may be expected in cases which are not marked by extreme 
symptoms. 

If animals are not regularly salted, they visit salt deposits and eat 
the alkalis. This some sheepmen believe to be the cause of the locoed 
condition, but this is disproved by the occurrence of locoed animals 
in ranges without salt Others modify this view by claiming that 
the vitiation in taste from eating these alkalis leads to a desire for 
the loco weeds and thus to the locoed condition.’ 


“Stalker, M. The “Loco” Plant and Its Effect on Animals. Bur. Animal 
Industry, 3d Ann. Rept. (1886), p. 275. 1887.—Anderson, F. W. Poisonous 
Plants and the Symptoms They Produce. Bot. Gaz., vol. 14, p. 180. 1889. 

Notre.—The symptoms described in Janvier’s interesting story, “In Old 
Mexico” (Secribner’s Magazine, vol. 1, p. 67, 18ST), would coincide with those 
due to some member of the nightshade family (probably Datura stramonium). 
See also Pilgrim, C. W., Does the Loco Weed Produce Insanity? in Proc. Amer. 
Medico-Psycholog. Assoc., vol. 5, p. 167. 1898. 

bSayre, L. E. Loco Weed. Kans. State Board Agric., 5th Bienn. Rept., 
p. 209. 1887. 

Stalker, M. The “Loco” Plant and Its Effect on Animals. Bur. Animal 
Industry, 3d Ann. Rept. (1886), p. 272. 1887. 

@Mayo, N. S. Loco. The Industrialist, vol. 30, p. 473. 1904. 

€ Science, vol. 9, p. 82. 1887. 

f Hayes, M. H. Veterinary Notes for Horse Owners, London, 1903, p. 425.— 
Compare Woronin, M. Ueber die Taumelgetreide in Siid-Ussurien. Bot. Zeit., 
vol. 49, p. 80. 1891. 

’ Chesnut, V. K., and Wilcox, E. V. Stock-Poisoning Plants of Montana. 
U. S. Dept. Agric., Div. Bot., Bul. 26, p. 88. 1901. 

Nore.—The wide distribution of these plants is claimed to be partly due 
to the buffalo. See Blankinship, J. W., The Loco and Some Other Poisonous 
Plants in Montana, in Mont. Agric. Exper. Sta. Bul. 45, p. 79. 19038. 
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CLINICAL SYMPTOMS OF LOCOED ANIMALS AS DESCRIBED IN. 
LITERATURE. 


The animals usually affected are sheep, horses, cattle, mules,? 
donkeys,’ and goats. It is claimed that practically all herbivorous 
animals are liable to the disease, even antelopes being affected.° 
Hogs are said to be unaffected,’ but definite information is lacking. 
Cows seem to be less sensitive to this form of intoxication.° The 
condition is usually a chronic one, although acute cases are said to 
occur at times. The symptoms consist of digestive disturbances, as- 
sociated with emaciation and various symptoms suggesting lesions 
in the nervous system, central or peripheral. The animals lose their 
appetite from the first, begin to emaciate, and show symptoms of 
malnutrition and starvation. The head trembles, the gait becomes 
feeble and uncertain, the eyes become sunken and have a “ flat, glassy 
look.” There is a general sluggishness, muscular incoordination, 
and difficulty in motion; finally all control of the limbs is lost and 
the animal is unable to stand; the coat becomes rough and loses its 
Juster, and, in fact, all the typical symptoms of starvation appear. 
In some cases diarrhea is also present. 

All of Nockolds’s animals, however, were constipated and the 
stools were covered with mucus.? The dependent portions of the 
body may swell, simply as an expression of the anemia.” Sometimes 
there are symptoms indicating acute pain,’ the animals running about 
as if affected with colic. They may belch and their abdomens swell. 
Some claim that the animals are markedly salivated so that the saliva 
trickles from their mouths. In other cases the mouth may be dry./ 
The eyes may be rolled up so that the whites alone show. In 
some cases eke pupil has heen noted to be dilated, as in atropine 


4 Kingsley, B. F. The Loco Plant. Daniel’s Texas Medical Journal, vol. 5, 
10s BRAG alsteteh 

> Schwartzkopff, O. The Effects of ‘‘ Loco-Weed.’ Amer. Vet. Rey., vol. 12, 
p. 162. 1888. 

© MeCullaugh, F. A. Locoed Horses. Journ. Comp. Med. & Vet. Archives, 
vol. 13, p. 435. 1892. 

@Wastwood, A. The Loco Weeds. Zoe, vol. 3, p. 57. 1892. 

© Vasey, G. Plants Poisonous to Cattle in California. Report of Commis- 
sioner of Agriculture for 1874, p. 159. 1875. 

iNasey, “G., 12 (Cs Dp. 159: 

I Nockolds, C. Poisoning by Loco Weed. Amer. Vet. Rey., vol. 20, p. 570, 
1896-7. 

h Patterson, A. H. Starvation Gidema. Med. Rev., vol. 56, p. 715, 1899. 

t Vasey, G. Botanical Notes, Monthly Reports of Dept. Agriculture for 1875, 
p. 504. 1874. 

J Anderson, F. W. Poisonous Plants and the Symptoms They Produce. Bot. 
Gaz., vol. 14, p. 180. 1889. 
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poisoning,’ but Wilcox states that they are contracted as after the 
use of eserine.’ The temperature of the animal falls from 3 degree 
to 14 degrees F. below normal.¢ Tetanic symptoms may occur,! or 
the muscles of the mouth and tongue becoming paralyzed may inter- 
fere with mastication. When water is offered to the animal, it gazes 
stupidly at it and may not drink for days. One of the symptoms 
noted is the loss of power to back properly. Cows during the first 
two or three months of gestation are almost sure to abort.f This is 
claimed by Knowles, however, to be due to malnutrition. As a result 
of these observations, suggesting some uterine action, the drug has 
been proposed as an emmenagogue.’ 

The psychical symptoms are shown by errors of judgment. The 
animal becomes dull and spiritless and wanders about half dazed. 
The mental dullness passes into stupor. This dull, stupid condition 
has been compared to intoxication with opium. If the locoed horse 
is led across a stick lying on the ground he often jumps high as if it 
were a great obstacle. The animal may now have maniacal attacks, 
during which he rears and may fall backward,’ and makes un- 
reasonable jumps and other unexpected movements, thus rendering 
himself dangerous to man.‘ Other symptoms due to disturbances of 
the central nervous system are hallucinations of various sorts. 
Though the optic nerve itself is apparently not affected, the animal 
will stare at an object for a long time without any apparent compre- 
hension of its nature. This disturbance in the visual function Me- 
Cullaugh claims to be one of the first symptoms of this disease. 
The animal seems to lose all idea of distance, as he will butt against 
an obstruction as if oblivious of its presence. Any sudden or violent 
motion made before him may cause him to fall. According to some, 


“ Schwartzkopff, O. The Effects of ** Loco-Weed.” Amer. Vet. Rey., vol. 12, 
p. 161. 1888. 

> Wilcox, T. E. Treatment of ‘‘ Loco” Poisoning in Idaho Territory. Med. 
Rec., vol. 31, p. 268. 1887. 

© Mayo, N. 8S. Some Observations Upon Loco. Kans. State Agric. Coll. Bul. 
35, p. 118. 1893. 

@McCullaugh, F. A. Locoed Horses. Journ. Comp. Med. and Vet. Archives, 
vol. 13, p. 486. 1892. 

©€O’Brine, D. Progress Bulletin on the Loco and Larkspur. Colo. State 
Agric. Coll. Bul. 25, p. 12. 1898. 

/ Knowles, M. E. Loco Poisoning. Breeders’ Gaz., vol. 39, p. 973. 1901.— 
Sayre, L. E. Loco Weed.- Kans. State Board of Agric., 5th Bienn. Rept., p. 211. 
1887.—Ruedi, C. Loco Weed. Trans. Colo. State Med. Soc., p. 422. 1895. 

2 Miller,C. H. The Loco Weed: Its Probable Usefulness as an Emmenagogue. 
Southern Clinic, vol. 11, p. 269. 1888. 

Vasey, G. Botanical Notes. Monthly Reports of Dept. Agriculture for 1873, 
p. 504. 1874. 

‘Parker, W. T. The Loco-Weed. Science, vol. 23, p. 101. 1894. 
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the animal loses the sense which guides him in finding water. A 
cow may fail to recognize her calf.*| There is more or less loss of 
control of the limbs” and tremors;° the feet are lifted abnormally 
high when trotting, and, if crowded, the animal falls headlong and 
will jump over little hollows as if they were wide ditches.4 The 
horse may shy without apparent cause and kick at imaginary objects,’ 
and, in fact, the reasoning powers seem to be lost. These attacks 
are brought on by sudden excitement or when crossing water.! There 
may be cutaneous hypereesthesia. 


The animals may remain with the herd, but they often wander 
away. Stalker records the following observations: 

I have seen a single animal miles away from any other individual of the herd, 
carefully searching as if for some lost object, and when a loco plant is found 
he would devour every morsel of it with the greatest relish. As soon as one 
plant was eaten he would immediately go in search of more, apparently 
oblivious to everything but the intoxication afforded by his one favorite article 
of food.2 

All of Nockolds’s animals which were locoed were mares more than 
6 years of age.” 

According to Stalker there is a passive type in which the animal 
shows symptoms only on being disturbed; the animal then becomes 


unmanageable. This happens even with old, well-broken saddle 
horses.? 

There are few published reports as to the symptoms occurring in 
sheep which are locoed. Stalker’ says sheep “ become loco-eaters, 
grow stupid, emaciated, and eventually die.” One of the few de- 
scriptions of the symptoms is that of Ruedi,” in which he claims that 


“Vasey, G. Botanical Notes. Monthly Reports of Dept. Agriculture for 1874, 
Dols Sie. 

> Anderson, F. W. Poisonous Plants and the Symptoms They Produce. Bot. 
Gaz,, vol. 14, p. 180. 1889. 

¢ Sayre, L. E. Loco Weed. Proc. Amer. Pharm. Assoe., vol. 36, p. 111. 1888. 

4Nockolds, C. Poisoning by Loco Weed. Amer. Vet. Rey., vol. 20, p. 570. 
1896-7. 

€ Knowles, M. E. Loco Poisoning. Breeders’ Gaz., vol. 39, p. 972. 1901. 

7 Vasey, G. Botanical Notes. Monthly Reports of Dept. Agriculture for 1873, 
p. 504. 1874. 

9 Stalker, M. The “ Loco” Plant and Its Effect on Animals. Bur. Animal 
Industry, 3d Ann. Rept. (1886), p. 272. 1887.—Nockolds, C. Poisoning by 
Loco Weed. Amer. Vet. Rev., vol. 20, p. 570. 1896-7.—Maisch, J. M. Poison- 
ous Species of Astragalus. Amer. Journ. Pharm., vol. 51, p. 239. 1879. 

” Nockolds, C. Poisoning by Loco Weed. Amer. Vet. Rev., vol. 20, p. 570. 
1896-7. 

+ Stalker, M., 1. @., p. 278. 

j Stalker, M., 1. @, p. 274. 

k Ruedi, C. Loco Weed (Astragalus Mollissimus) : A Toxico-Chemical Study. 
Trans. Colo. State Med. Soc., 1895, p. 417. 
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the symptoms in sheep are those comparable to the symptoms of 
cerebro-spinal meningitis except that there is an absence of fever. 
Ruedi speaks of sheep “ lying flat on the ground, not able to stand, 
and not able even to lift their heads to drink the offered water; 
the head and the vertebra in opisthotonus position; the four legs 
stretched out and stiff; breathing was stertorous, pulse slow, abdo- 
men much distended, diarrhea present. * * * Theheart * * * 
was very slow and insufficient.” The teeth (in sheep) may blacken 
and fall out.* 

It is mainly the young animals, such as lambs and colts, that are 
affected, probably due to the fact that their attention is more easily 
directed to the flower of the loco” plants. It is claimed (on slight 
evidence) that men have become locoed. The symptoms in them are 
nausea and headache.° 

Schuchardt 7 has called attention to the resemblance of the symp- 
toms in locoed animals to those which occur in so-called lathyrism, 
but most observers in this country have especially marked the resem- 
blance of the symptoms to those induced by the habitual use of nar- 
cotic drugs.° 

Asa rule the loco plants are refused by animals save when there is 
lack of other food, although at times animals have shown the keenest 
relish for these plants, rejected all other forage, and devoted their 
whole attention to searching for the loco plants.’ 

Stalker says that animals not too long addicted to the use of these 
plants, if confined, soon lose their taste for them (after two or three 
months)” although old loco eaters do not readily lose the habit. 
Stalker also says that “ it is to be presumed that the plant is possessed 


@Blankinship, J. W. Loco and Some Other Poisonous Plants in Montana. 
Mont. Agric. Exper. Sta. Bul. 45, p. 81. 1908. 

bBlankinship, J. W., I. ¢. 

¢Day, M. G. Loco-Weed. In F. P. Foster’s Reference Book of Practical 
Therapeutics, vol. 1, p. 588. 1896.—Pilgrim, C. W. Does the Loco-Weed Produce 
Insanity? Proc. Amer. Medico-Psycholog. Assoc., vol. 5, p. 167. 1898. 

@Schuchardt, B. Die Loco-Krankheit der Pferde und des Rindviehs. 
Deutsch. Zeits. f. Thiermed., vol. 18, p. 405. 1892.—Parker, W. T. Loco-Weed. 
Science, vol. 23, p. 101. 1894. 

€McCullaugh, Ff. A. Locoed Horses. Journ. Comp. Med. and Vet. Archives, 
vol. 13, p. 485. 1892. 

f Stalker, M. The “ Loco” Plant and Its Effect on Animals. Bur, Animal 
Industry, 3d Ann. Rept. (1886), p. 272. 1887. 

9 Stalker, M. The “ Loco” Plant and Its Effect on Animals. Bur. Animal 
Industry, 3d Ann. Rept. (1886), p. 272. 1887.—See also Linfield, F. B. Sheep 
Feeding, in Mont. Agric. Coll. Exper. Sta. Bul., 59. 1905.—Special Report on 
Diseases of Cattle. sur. Animal Industry, 1904, p. 66.—Wileox, E. V. Plant 
Poisoning of Stock in Montana. Bur. Animal Industry, 17th Ann. Rept., p. 115. 
1900. 
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of some toxic property that has a specific effect on the nervous centers, 
and that these effects have a marked tendency to remain permanent.” 4 

The fundamental character of the disorder seems to be a progress- 
ing anemia. The interpretation of psychical symptoms in herbivora, 
and especially on the range, must often be fallacious. 


CONDITIONS SIMILAR TO LOCO-WEED POISONING IN OTHER PARTS 
OF THE WORLD. 


According to Maiden® a condition similar to loco is met with 
among animals in Australia and is there believed to be due to eating 
various species of Swainsona.” As Maiden says, “ Its effect on sheep 
is well known; they separate from the flock, wander about listlessly, 
and are known to the shepherds as ‘ pea-eaters’ or ‘ indigo-eaters.’ 
When once a sheep takes to eating this plant it seldom or never 
fattens, and may be said to be lost to its owner.” Horses, after eating 
this herb, “ were exceptionally difficult to catch, and it was observed 
how strange they appeared. Their eyes were staring out of their 
heads and they were prancing against trees and stumps. The second 
day two out of nine died, and five others had to be left at the camp.” 

Martin? experimentally studied these cases of intoxication and 
sums up his work as follows: 


1. That one can by feeding sheep upon Darling pea reproduce all the symp- 
toms which are attributed by pastoralists to this cause. Briefly stated these 
symptoms are: Stupidity, loss of alertness and an agonized expression, followed 
by stiffness and slight staggering and frequently trembling of the head or 
limbs. Later, clumsiness and unsteadiness ensue, which slowly advance until 
the animal often falls down. In this stage, the action of the animal in running 
over small obstacles is characteristic. It jumps over a twig as if it were a foot 
in height. When first it commences to. tumble about, it is able more or less 
readily to regain its feet, but in the advanced stage of the disease this is im- 
possible and, after exhausting itself in efforts to do so, it remains lying down 
until it dies. During the whole time the sheep become progressively more 
bloodless, and in advanced cases the blood when shed appears to the naked eye 
lighter in color. It contains fewer red blood-cells (about two-thirds to one- 
half the usual number). (The corpuscles were estimated in several cases by 
means of a hemocytometer.) All these symptoms are much aggravated by 
driving. Thus, an animal in which the symptoms are little marked may exhibit 
them in a striking degree after being driven. In addition to the above the teeth 


@ Stalker, M., 1. ¢c., p. 275. 

’Maiden, J. H. Plants Reputed to be Poisonous to Stock in Australia. 
Dept. Agric., New South Wales, Misc. Pub. No. 477, pp. 15, 16. 1901. 

¢ Notes on Some American and Australian Plants Injurious to Stock. 
Agric. Gaz., New South Wales, vol. 4, p. 677. 1894.—Notes on Weeds. The 
Darling Pea. Agric. Gaz., New South Wales, vol. 3, p. 330. 1893. 

@Martin, C. J. Report on an Investigation into the Effects of Darling Pea 
(Swainsona Galegifolia) upon Sheep. Agric. Gaz., New South Wales, vol. 8, p. 
366. 1898. 
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(especially in young sheep) frequently become loose, and consequently displaced 
or even dislodged. 

2. That the time which elapses before the onset of definite symptoms is three 
to four weeks in sheep of 2 to 3 years old. (It is probable, however, that with 
younger animals the time is shorter.) 

3. That under the conditions of the experiment, the animals survived about 
three months. They lived, however, an invalid’s life. Everything was brought 
to them, and it is improbable that if feeding exclusively upon the pea, and left 
to shift for themselves in the paddocks, they would survive more than two 
months. 

4. That if a sheep be returned to proper fodder after one month to six weeks 
feeding upon the pea, and before the symptoms are fully established, it may 
recover completely. 

5. That when once the paralytic symptoms are established it will not recover: 
but if returned to proper food, will remain in much the same condition, be- 
coming neither better nor worse. 

6. That Darling pea contains a very fair amount of nourishing material so 
that animals may, provided they eat it readily, retain their condition on it for 
some weeks, until the poisonous principle contained has had time to exert its 
effects. 


These plants, if fed with other herbage, do not seem to be injurious 
and apparently lose their harmful action upon being cultivated. As 
long as salt is properly fed the animals will not eat this plant? and 
are said to suffer no effects from it. Physiological study has shown 
the presence of a body with marked sudorific power which causes 
rapid emaciation in frogs.° 

It has been claimed that these symptoms are due to the presence 
of a narcotic poison in the plant.? Post-mortem examinations were 
negative save for the presence of a peripheral neuritis.’ 


@Woolls, W. On the Forage-Plants Indigenous in New South Wales. Linn. 
Soc., New South Wales, Proc., vol. 7, pp. 315-316. 1882. 

+ Guthrie, F. B., and Turner, F. Supposed Poisonous Plant. Agric. Gaz., 
New South Wales, vol. 4, p. 86. 1894. 

¢ Bailey, F. M., and Gordon, P. R. Plants Reputed Poisonous and Injurious 
to Stock, Brisbane, 1887, p. 25. 

4 Guthrie, F. B., and Turner, F. Supposed Poisonous Plant. Agric. Gaz., 
New South Wales, vol. 4, p. 87. 1894. 

€ Martin, C. J. Report on the Investigation into the Effects of Darling Pea 
(Swainsona Galegifolia) upon Sheep. Agric. Gaz., New South Wales, vol. 8, 
p. 3867. 1898. (Further literature on the indigo disease will be found in 
Bailey, F. M., and Gordon, P. R. Plants Reputed Poisonous and Injurious to 
Stock, Brisbane, 1887, p. 25). 

Notre.—In Canada a chronic disease associated with cirrhosis of the liver 
results from eating ragwort, or Senecio jacobaea. See Dept. of Agriculture, 
Canada, Rept. of Veterinary Director General, 1905, Ottawa, 1906, p. 31.—In 
South Africa a disorder known as nenta appears in goats after eating certain 
plants, especially Cotyledon ventricosa. See Hutcheon, D., Nenta, in Agric. 
Journ. Cape of Good Hope, vol. 14, p.'862. 1899. 
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PATHOLOGICAL CONDITIONS IN LOCOED ANIMALS AS DESCRIBED 
ON THE RANGE. 


The pathological features as described by previous writers are a 
softening and ulceration of the stomach walls“ and a degeneration of 
the walls of the intestines with or without perforations. The peri- 
toneum may be found inflamed.’ The peritoneum and omentum in 
one case (cow), reported by Sayre, were covered with small nodules. 
These were probably tubercular in origin. The colon in one horse 
was found enormously distended, while the coecum and small intes- 
tines were normal,’ save that the walls appeared thin. 

Ulcers have been found at times in the kidneys, but were probably 
secondary in origin, as other cases are reported with normal kidneys. 
Faville has found in some cases amyloid degeneration. The pancreas 
and spleen are reported normal. The abdominal cavity may contain 
a slight effusion.4 The liver has been found cirrhotic, and at times 
shows tubercular lesions of a secondary nature. The inner coat of the 
bladder has been found softened, and in sheep the bladder may be 
markedly distended at the autopsy. The cerebral membranes are 
congested and perhaps adherent,’ and there may be blood clots over 
the longitudinal sinus or at the base of the brain. Effusions have 
been especially noted around the medulla. The arachnoid has also 
shown slight congestion, and in other cases the membranes showed a 
slight thickening. The middle ventricle was found filled with yellow 
serum, while the fourth ventricle contained a hemorrhagic effusion,’ 
and the base of the brain was covered by a clot. The hemorrhage 
may become organized and the brain be held to the membranes by 
tough organized fibers. In many cases serous effusion is present in 
the lateral ventricles. The arachnoid space is also in some cases simi- 
larly filled. Microscopic examination of the brain in the case of a 
steer showed atrophy of Purkinjie’s cells.’ 

In sheep the post-mortem examination showed paleness, anemia 
of the muscles, and great distention of the abdomen. The intestines 


4 Anderson, F. W. Poisonous Plants and the Symptoms They Produce. Bot. 
Gaz., vol. 14, p. 180. - 1889. 

+ Sayre, L. E. Loco Weed. Amer. Vet. Rev., vol. 11, p. 558. 1887. 

¢O’Brine, D. Progress Bulletin on the Loco and Larkspur. Colo. State 
Agric. Coll; Bul, 25; p: 12. 1893. 

@¥aville, in O’Brine, D. Progress Bulletin on the Loco and Larkspur. Colo. 
State Agric. Coll. Bul. 25, p. 11. 1893. 

€ Sayre, L. E. Loco Weed. Amer. Vet. Reyv., vol. 11, p. 559. 1887. 

/ Stalker, M. The “Loco” Plant and Its Effect on Animals. Bur. Animal 
Industry, 3d Ann. Rept. (1886), p. 274. 1887.—Sayre, L. E. Loco-Weed. 
Amer. Pharm. Assoc. Proc., vol. 38, p. 108. 1890.—O’Brine, D. Progress Bulle- 
tin on the Loco and Larkspur. Colo. State Agric. Coll, Bul, 25, pp. 16, 17. 
1893. 

9 Mayo, N. S., I. ¢., p. 118, 
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were found filled with gases, and the mesenteric blood vessels filled 
with blood. No peritonitis, or ascites, or ecchymoses in the mucous 
membranes were noted in the autopsies made on sheep by Ruedi. 
The liver has been seen enlarged. In sheep the brain was anemic. 
Microscopically the brain showed atrophy and the Purkinjie’s cells 
disappeared or their processes atrophied. In these sheep the brain 
was so anemic that the distinction between the gray and the white 
matter was hard to define.* The membranes of the cord have been 
found inflamed and adherent, but the spinal cord was usually normal.? 
In some cases, however, the spinal cord has been found softened ¢ and 
cedematous. The arteries of the limbs were gorged with blood,? and 
at the same time there was a collection of serum in the abdominal 
cavity. Death is thought to be due to starvation. In other words, 
the pathological condition, according to published accounts, shows 
little that is characteristic save some action on the gastro-intestinal 
tract. 


HISTORICAL SKETCH OF LOCO INVESTIGATIONS FROM A PHARMA- 
COLOGICAL STANDPOINT. 


During the western immigration of 1849 the Indians along the Mis- 
sourl River described to the immigrants a plant (Astragalus mollis- 
simus) producing death in horses and cattle, which was preceded by 
various forms of excitement./ 

The attention of the United States Department of Agriculture was 
first called to the toxic action of the loco plants in 1873, when speci- 
mens of the plants, which were identified as Astragalus hornii and A. 
lentiginosus were sent from California by Mr. O. B. Ormsby, with 


“Ruedi, C. Loco Weed (Astragalus Mollissimus) : A Toxico-Chemical Study. 
Trans. Colo. State Med. Soc., 1895, p. 418. 

Sayre, L. E. Loco Weed. Amer. Vet. Rey., vol. 11, p. 559. 1887. 

¢O’Brine, D. Progress Bulletin on the Loco and Larkspur. Colo. State 
Agric. Coll. Bul. 25, p. 12. 1893.—Klench, J. P. Rattleweed or Loco Disease. 
Amer. Vet. Rev., vol 12, p. 399. 1888. ; 

4 Anderson, F. W. Poisonous Plants and the Symptoms They Produce. Bat. 
Gaz., vol. 14, p. 180. 1889. 

€McCullaugh, F. A. Locoed Horses. Journ. Comp. Med. and Vet. Archives, 
vol. 13, p. 486. 1892. 

/ Storke, B. F. The Loco Weed. Med. Current, vol. 8, p. 155. 1892.—Kel- 
logg, A. California and Colorado ‘* Loco” Poisons. Cal. Acad. Sci. Proe. for 
TSto, Vol. 6; picd.- as7G. 

Note.—The very early reports of these loco plants were purely botanical. See 
Torrey, J., Botany, in Report on the United States and Mexican Boundary Sur- 
vey, by W. H. Emory, vol. 2, p. 56, 1859; also Botanical Register, London, vol. 
13, pl. 1054, 1827. 

9 Vasey, G. Plants Poisonous to Cattle in California, Rept. of Commis- 
sioner of Agriculture for 1874, p. 159, 1875. 
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the statement that they were poisonous to stock, especially to horses. 
Mrs. J. S. Whipple also corroborated this information. The botanist 
of the Department, Dr. George Vasey,’ published a note and re- 
quested further information concerning the plants. These notes were 
enlarged by a similar contribution by Dr. P. Moffat on Avagallus 
lamberti.”. The following year Vasey reported with more fullness, 
and his description of the action of the plants is substantially what 
we find in most of the books of to-day. 

In 1876 Lemmon ¢ noted that Astragalus mortoni was “a deadly 
sheep poison.” At the same time Rothrock,’ botanist of the United 
States Geographical Survey under Lieutenant Wheeler, described 
these plants, and Kellogg, a botanist in California, reported that 
Astragalus menziesii was causing great losses in horses, sheep, and 
cattle and claimed that the cen had been familiar with this 
disorder for at least ten or fifteen years. This report of Kellogg 
was followed by that of Rothrock / in 1877. 

In 1876 a specimen of Aragallus lamberti was sent from Colorado 
to Professor Prescott, of the University of Michigan, under the name 
of “crazy weed,” with the statement that it was poisonous to horses 
and cattle and that, while the Mexicans often used it in making beer, 
it sometimes caused symptoms in men. His pupil, Miss Watson, un- 
dertook a study of its chemical properties. She failed to isolate any 
pure chemical compound, but claimed that in the root there was a 
body giving alkaloidal reactions and that there was also a resinous 
body present. Another of his pupils, W. R. Birdsall, took the ground- 
up root himself in doses of 20 grains at various intervals for several 
days and later 40-grain doses in one and a half hours, but without 
experiencing any marked symptoms except colicky pains. <A kitten 
also was given about one and a half ounces of the fluid extract without 
effect. Prescott’ sums up by saying that “it would seem that the 
dried ground root possesses no poisonous properties.” The work of 
Miss Watson was considered of sufficient importance to be abstracted 


oe 


@Vasey, G. Botanical Notes. Monthly Reports of Dept. Agriculture for 
1873, p. 503. 1874. 

‘Vasey, G. Botanical Notes. Monthly Reports of Dept. Agriculture for 
1874, p. 513. 1875. 

¢ Brewer, W. H., and Watson, S. Geological Survey of California, Botany, 
vol. 1, p. 155. 1876. 

4 Rothrock, J. T. Notes on Economic Botany, in G. M. Wheeler’s Report upon 
U. S. Geographical Surveys West of the One Hundredth Meridian, vol. 6, p. 43. 
1878 

€ Kellogg, A, California and Colorado Loco Poisons. Cal. Academy of 
Sciences, Proc., 1875, vol. 6, p. 3. 1876. 

f Rothrock, J. T. Poisonous Properties of the Leguminose. Acad. of Nat. 
Sci. Phila. Proce; vol. 29; p. 274. 1877. 

9 Prescott, A. B. Laboratory Notes—A Partial Analysis of the Oxytropis 
Lamberti. Amer. Journ. Pharm., vol. 50, p. 564. 1878. 
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in the Annual Report of the Commissioner of Agriculture for 1878 
(1879), page 134. 

Gradually the Department of Agriculture became more and more 
interested in this subject, and Peter Collier, chief chemist, in 1878, 
examined the roots and leaves of Aragallus lamberti for alkaloids, 
but found none.“ 

In 1880 Peter Collier published a proximate analysis of Astragalus 
mollissimus made by Francis A. Wentz, of Kansas. His investiga- 
tions showed it to have an ash content of 6.76 per cent, while the 
Aragallus lamberti, analyzed by L. F. Dyrenforth, of Chicago, 
showed an ash content of 4.32 per cent. Collier” sums up by saying: 

From the additional work done at this Department it seems probable that the 
deleterious effects observed from animals eating this plant may be due princi- 
pally to the fact that the sweet taste causes cattle to reject more nutritious 
food and strive to subsist upon the Oxytropis only. This plant is mechanically 
a very unfit substance for food, being of a tough, fibrous, and indigestible 
character. It is possible that, when the animal becomes somewhat enfeebled 
by lack of proper nourishment, the small amount of alkaloid may have a direct 
poisonous action. Again, it seems probable that the plant may contain much 
larger proportions of alkaloid at certain stages in its development than at others, 
or the seeds may prove to be the most injurious portion. 

The departmental work was continued by further short notices by 
Vasey © in 1884, 1886, and 1887, and by the report of Stalker in 1887. 
This report by Stalker is still the best description on the clinical side 
of the question. 

Rothrock,’ meeting the loco plants in his survey work, describes 
their effects on animals as follows: 

Certain it is, however, that, once commenced, they continue it, passing through 
temporary intoxication to a complete nervous and muscular wreck in the later 
stages, when it has developed into a fully marked disease which terminates in 
death from starvation or inability to digest a more nourishing food. The animal 
toward the last becomes stupid or wild, or even vicious, or, again, acting as 
though attacked with “ blind staggers.” 

Under the name of Crotalaria, H. Gibbons,’ in 1879, refers to a 
plant growing in California which it was claimed was producing 
characteristic symptoms of poisoning in horses and sheep. This 
plant Professor Maisch afterwards identified as Aragallus lamberti. 


@ Rept. of Commissioner of Agriculture for 1878, p. 134. 1S79. 

> Rept. of Commissioner of Agriculture for 1879, pp. 89, 90. 1880, 

© Rept. of Commissioner of Agriculture for 1886, p. 75. 1887. Rept. of Com- 
missioner of Agriculture for 1884, p. 123. 1884. 

4 Rothrock, J. T. Notes on Economic Botany, in G. M. Wheeler’s Report upon 
U. S. Geographical Surveys West of the One Hundredth Meridian, vol. 6, p. 43. 
1878. 

© Gibbons, H. Poisonous Effects of Crotallaria—Vulgo Rattle Weed, Loco 
Weed, Pacific Med. and Surg. Journ., vol. 21, p. 496. 1878-79. 
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Dr. Isaac Ott * undertook the physiological study of the question, 
and used an alcoholic extract of Astragalus mollissimus. We found 
from its action on frogs, rabbits, and cats that the plant had decided 
physiological action, as follows: 

(1) It decreases the irritability of the motor nerves. 

(2) Greatly affects the sensory ganglia of the central nervous system, pre- 
venting them from readily receiving impressions. 

(3) Has a spinal tetanic action. 

(4) Kills mainly by arrest of the heart. 

(5) Increases the salivary secretion. 

(6) Has a stupefying action on the brain. 

(7) Reduces the cardiac force and frequency. 

(S) Temporarily increases arterial tension, but finally decreases it. 

(9) It greatly dilates the pupil. 

Doctor Stockman, in England, about this time tried the action of 
the aqueous and alcoholic extracts of the dried Astragalus mollissimus 
sent from Texas. He experimented with frogs and rabbits in increas- 
ing doses, but without result.” 

In 1888 Hill reported that a species of Astragalus was acting detri- 
mentally on cattle, goats, and sheep in Cyprus and that these animals 
fell down as if intoxicated, and also that the natives in time of great 
drought feed their cattle with this plant mixed with straw, but that 
they were always made sick until they became used to it. 

In 1885 Professor Sayre, of the University of Kansas, undertook 
the investigation of the loco question. His first report was made in 
the Transactions of the Kansas Academy of Sciences for 1885, and 
his reports have been continued at various periods up to 1904. The 
results of his experiments on various animals—dogs, cats, and 
frogs °—have been entirely negative. He administered alcoholic 
preparations to himself and took them until they became too nauseous 
to continue, and found they produced absolutely no symptoms besides 
the nausea. He suggests, however, that if the plant really is poison- 
ous it is due to its fine hairs, which might mechanically cause death. 
Sayre has stated that he has sent thousands of pounds of the dried 
loco plants to various investigators in America and Europe, but all 
reports were negative as to pharmacological activity. He has, how- 
ever, done some work on the pure chemistry of the plant and found 
that the plant contained 10 per cent of moisture and yielded 12.01 
per cent of ash. Of this ash, 25 per cent was soluble in water, while 
50.6 per cent was soluble in HCl. The insojiuble portion consisted 


“Ott, I. Physiological Action of Astragalus Mollissimus. New Remedies, 
WO. 11, —p. 227. -' 1882: 
o Hill, J. R. Note on a Species of Astragalus from Cyprus. Pharm. Journ. 
and Trans., 3 s., vol. 18, p. 712. 1887-88. i 
¢ Sayre, L. E. Loco-Weed. Proc. Amer. Pharm. Assoc., vol. 36, p. 112. 1888. 
129 ‘ 


HISTORICAL SKETCH OF LOCO INVESTIGATIONS. 23 


largely of silica. He found CaO, K,O, MgO, A1,O,, and Fe,O,, with 
the acid radicals SO,, Cl, P,O;, CO,, and Si0,.2 Although Sayre 
claims thatthe plant is physiologically inactive, he tried by chemical 
means to isolate a physiologically active body and, naturally enough 
under the circumstances, failed to find one. He claims that while 
the plant might give alkaloid reactions, he was unable to isolate this 
body in a pure state, and that alfalfa reacted similarly. 

The investigation on animals was continued by Kennedy.” He 
administered an infusion of $ ounce of green Astragalus mollissimus 
to a fasting dog weighing 23 pounds, but there were no symptoms 
after 12 hours. A decoction of 1 ounce of the green plant and one 
of 4 ounces of the dried plant were likewise without action. Extracts 
with hydrochloric acid were also inactive. When 400 grams of the 
dried and powdered plant were fed in substance the result was merely 
to increase the appetite. The organic acid obtained from 4 ounces of 
the plant was also found to be inert. 

Kennedy did not state in what season the plant was collected and 
from what locality it was obtained, but says simply that the plant 
extract was inactive to a dog, a carnivorous animal, and that there- 
fore the plant is nonpoisonous. He adds that death might be due 
to the tough fibers and indigestible character of the plant. He over- 
looks, however, the fact that the plant might vary in its toxicity, and 
he infers from the experiments on carnivorous animals that these 
results would hold good for herbivora, yet he does not claim that 
carnivora become locoed in nature. 

Kennedy found that the plant lost 80 per cent in weight on drying 
and that the water extract which represented 30.6 per cent of the 
powdered and dried plant contained magnesium sulphate and sodium 
chlorid, tannic acid, gum, coloring matter, an extractive, and a 
“peculiar organic acid.” The ashed plant yielded 20 per cent of 
ash, consisting of magnesium sulphate, sodium chlorid, alumina, 
silica, and a trace of iron. “ The abundant precipitate produced by 
the alkaline hydrates, potassium, sodium, and ammonium was found 
to consist of magnesium hydrate, an abundance of this base being 
present in the plant.” Kennedy also obtained alkaloidal reactions, 
but failed to isolate the body giving these reactions. 

In 1889 the investigations were greatly stimulated by the report of 
Doctor Day,’ then of the University of Michigan. She claimed that 
she was able to produce marked physiological symptoms, using both 
Astragalus mollissimus and Aragallus lamberti in her work. She 


@Sayre, L. E. Loco Weed. Amer. Vet. Rev., vol. 11, p. 556. 1887. 

b> Kennedy, J. Loco Weed (Crazy Weed). Pharm. Rec., vol. 8, p. 197. 1888. 

Day, M. G. Experimental Demonstrations of the Toxicity of the ‘ Loco 
Weed.” N. Y. Med. Journ., vol. 49, p. 237. 1889. 
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administered daily 60 to 70 ¢. c. of a decoction“ of the plants to kit- 
tens, together with abundant milk and other food. She states that 
in two days— 

The kittens became less active, the coat grew rough, appetite for ordinary 
food diminished and fondness for the ‘* loco” increased, diarrhea came on, and 
retching and vomiting occasionally occurred. The expression became peculiar 
and characteristic. Emaciation and the above symptoms progressively increased 
until the eighteenth day, when periods of convulsive excitement supervened. 
At times the convulsions were tetanic in character; frothing at the mouth and 
throwing the head backward as in opisthotonus were marked. At other times 
the kitten would stand on its hind legs and strike the air with its forepaws, 
then fall backward and throw itself from side to side. These periods of excite- 
ment were followed by perfect quiet, the only apparent sign of life being the 
respiratory movements. After a short interval of quiet the conyulsive move- 
ments would recur. These alternate periods of excitement and quiet lasted 
thirty-six hours, when the posterior extremities became paralyzed, and. the 
kitten died about two hours afterward. There was no apparent loss of con- 
sciousness before death. 

The post-mortem examination revealed the presence of ulcers in the stomach 
and duodenum. Some of the ulcers had nearly perforated the walls of the 
stomach and duodenum. The heart was in diastole; brain and myel appeared 
normal, As might be expected from the emaciated condition, the entire body 
was anemic. 

In a second case 60 to 70 cubic centimeters of a more concentrated 
decoction were fed daily, with other food as before, to a vigorous adult eat. 
The symptoms of inactivity, loss of appetite, rough coat, diarrhea, and the 
peculiar expression of countenance were as in the first case. By the twelfth 
day the cat was wasted almost to a skeleton, and was correspondingly weak. 
Paralysis of the hind limbs came on, and the cat died on the thirteenth day. 
There were no periods of excitement in this case. 


These cats developed a craving for the decoction and “ would beg 
for it as an ordinary kitten does for milk, and when supplied would 
he down contented.” 

Doctor Day made controls with healthy animals under the same 
conditions, with the exception that they received no loco plant. She 
also fed a young wild jack rabbit on milk and grass for a few days 
and then substituted fresh loco plants for grass. 

At first the “loco” was refused, but after two or three days the “loco” was 
eaten with as much relish as the grass had been. After ten days of the milk 
and “loco” diet the rabbit was found dead, with the head thrown back and 
the stomach ruptured. 

Subcutaneous injections of the concentrated decoction caused nervous twitch- 
ings in frogs and kittens, and if large amounts were used death followed in 
from one to two hours from paralysis of the heart. The same Symptoms were 
produced in frogs by the injection of an alcoholic extract of the residue left 
after the evaporation to dryness of the decoction. 

In other words, Doctor Day was able to produce a chronic form of 
loco poisoning with the characteristic symptoms so often described 


*Presumably a 10 per cent decoction, U. S. P. 
129 


HISTORICAL SKETCH OF LOCO INVESTIGATIONS. 25 


save in the occurrence of diarrhea. Diarrhea is not usually noted on 
the range. Sayre had already reported an ulcerated condition of 
the intestines of a locoed cow similar to that described by Doctor Day 
as occurring in cats. Doctor Day urged that the reason previous 
experimenters failed to produce symptoms was that they had used 
too small an amount of the plant and that by systematic feeding to 
healthy cats cases of loco disease may be produced. 
Storke states that “ Dr. V. C. Vaughan, of the University of Michi- 
gan, has since fully corroborated Dr. Day’s views.” 4 
In her experiments Doctor Day used the leaves, roots, and stems 
of the plants gathered in September. She believed that the greatest 
amount of poison is present in autumn and winter. She later under- 
took the isolation of the active principle, and proceeded as follows: ” 


The roots, stems, and leayes were boiled ten hours, strained, and the decoc- 
tion concentrated to a sirup, poured, while hot, into a hot flask, corked and 
set away. At the end of ten days the sirup had separated into two layers— 
the upper a blackish liquid, the lower a brownish sediment. The liquid was 
poured into a flask and covered with six times its volume of very dilute al- 
cohol, 30 per cent (the sediment also was washed with dilute alcohol, to insure 
a complete removal of the liquid), corked, and let stand three days; agitated 
occasionally, then filtered, and the filtrate slowly evaporated in the air, when 
crystals were formed. It was found important not to hurry the evaporation, 
for when this took place too rapidly the crystals did not form. 

These crystals are microscopic in size, blue-white in color, and of a variety 
of forms. The most characteristic are slender and pointed, arranged in rosettes 
or grouped in various ways. They are soluble in distilled water and very dilute 
alcohol, very sparingly soluble in strong alcohol, not soluble in chloroform or 
ether. 

The evaporated mass containing the crystals, when dissolved in distilled 
water, is slightly acid in reaction. A small amount of this fed to a kitten pro- 
duced the train of characteristic toxic symptoms—sleepiness, loss of appetite, 
retching, and diarrhea—that is produced by quite large amounts of the decoc- 
lion. 


The crystals Sayre* claims to have already seen. He says that 
they gave no precipitate with Mayer’s reagent, platinum chlorid, or 
with ammonia, but that barium chlorid and ammonium oxalate gave 
a precipitate, and he believes that they were in reality an inorganic 
combination of calcium, so that while Doctor Day may have obtained 
an extract which produced characteristic symptoms she certainly has 
not isolated any pure active principle. Later she admitted that it was 


4Storke, B. F. The Loco Weed. Med. Current, vol. 8, p. 157. 1892. 
‘Day, M. G. The Separation of the Poison of the ‘** Loco Weed.” N. Y. Med. 
Journ., vol. 50, p. 604. 1889. 
© Sayre, L. E. Active Principle of Loco Weed. Notes on New Remedies, vol. 
Be INO, gta de 
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not possible * to make positive statements as to the chemical charac- 
ter of the active principle.” @ 

In 1884 there was a fatal outbreak of a disorder in horses in por- 
tions of the Missouri Valley in Iowa, Nebraska, and Dakota. This 
was almost uniformly fatal in a few weeks or months. The animals 
lost strength and became emaciated, although they were kept in pas- 
ture where there was abundant grass, There was marked stupor, the 
animals falling asleep while eating, and they “ would remain stand- 
ing for a whole week, sleeping much of the time, with the head rest- 
ing upon some object.” The post-mortem examination showed that 
“in every instance there was marked hemorrhagic effusion into the 
fourth ventricle, the liver and spleen were abnormally dense, the walls 
of the intestines were almost destitute of blood, and the stomach enor- 
mously distended with undigested food.” The post-mortem find and 
clinical symptoms suggested to Stalker ° that this disorder was due to 
some plant analagous to-Astragalus mollissimus. He found abundant 
in these regions Crotalaria sagittalis, or rattle-box, one of the so- 
called loco weeds, and by the administration per os to a young horse 
of an infusion of 15 pounds of the plant, given in two days, pro- 
duced the clinical symptoms and the post-mortem condition of the 
brain which he previously observed on the range. 

Power and Cambier ¢ undertook the chemical study and the isola- 
tion of the active principle of this plant, together with that of 
Astragalus mollissimus. They found that the Astragalus mollis- 
simus if distilled with water yielded a distillate which possessed a 
peculiar odor, which they thought due to a trace of volatile oil. On 
distilling with alkali they obtained ammonia and a trace of trimethy- 
-lamine. In the case of Crotalaria only ammonia was found.? They 
argued that because trimethylamine was not obtained in this case 
choline was not present. On distilling the Astragalus mollissimus 
with acidulated water (H,SO,) the distillate was found to contain 
acetic acid—settling the nature of the “ peculiar organic acid” de- 
scribed by Kennedy. From this plant they obtained a resin or mix- 
ture of resinous bodies by extracting the plant with alcohol, and after 
concentration precipitating with acid water. These resins in doses 


apeutics, vol. 1, p. 588. 1896. 

’ Stalker, M. 1st Ann. Rept. State Vet. Surg. Iowa, p. 16. W885. 
_ © Power, F. B., and Cambier, J. Chemical Examination of Some Loco- 
Weeds. Pharm. Rundschau, vol. 9, p. 8. 1891.—Power, F. B. Notes on the 
So-called Loco Weeds. Pharm. Rundschau, vol. 7, p. 134, 1889.—See also 
Hoffmann, F., Loco-Weeds, in Pharm. Rundschau, vol. 7, p. 168. 1889. 

4 Kennedy, J.. Pharm. Rec., vol. 8, p. 197. 1888. Kennedy also obtained am- 
monia from Astragalus mollissimus. 
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An albuminoid which was obtained by precipitating a concentrated 
aqueous extract of Astragalus mollissimus by means of alcohol like- 
wise was found to be inactive to a kitten in doses corresponding to 
50 grams of the crude plant. A globulin which was isolated by 
precipitation from a 10 per cent sodium chlorid solution proved 
also to be inactive in doses of 0.2 gram. They then extracted 3 
kilograms of these plants with $ per cent sulphuric acid, and after 
evaporation to a thick gum the mass was extracted with strong 
alcohol, the alcoholic solution was evaporated, and the alcoholic 
residue taken up in water and precipitated by neutral and basic lead 
acetates, and after removing the lead with sulphureted hydrogen the 
filtrate gave precipitates with various alkaloidal reagents. The 
sirupy residue which they obtained from Astragalus mollissimus by 
decomposing the precipitate with Mayer’s solution administered to 
kittens in doses of 0.1 gram produced merely frothing at the mouth 
with profuse flow of saliva, but the animals soon recovered. The 
presence of a large amount of calcium was shown but not estimated 
quantitatively. 

Power and Cambier summed up their conclusions by stating that 
both the Astragalus and the Crotalaria contain very small amounts 
of toxic alkaloids, to which they believe the symptoms of poisoning 
produced were due. Their work from a chemical standpoint is excel- 
lent, but from a pharmacological point of view seems to be deficient : 
in fact, Power does not claim to be a pharmacologist. What would 
seem to be the proper course would have been to test for themselves 
the action of the plant on various animals and, after deciding which 
reacted most characteristically, test, after various precipitations, both 
the precipitates and filtrates on various animals to see whether the 
original symptoms and pathological lesions could be produced. They 
failed, however, to test their mother substance. It is well recognized 
that plants grown under varying conditions and on different soils vary 
in the amount of the physiologically active principle they contain. 

In the case of Crotalaria, Power and Cambier had before them the 
experiment of Stalker, in which he reproduced the disorder by feed- 
ing the plant extract to horses, yet they claimed that the body which 
they administered was the active principle, merely because it pro- 
duced some frothing at the mouth and salivation in a kitten. The 
percentage of active principle they found would be too small to 
account for the symptoms, except in the case of a very active 
compound, 

Certain of these precipitates were also later examined physiologic- 
ally by O’Brine.* He also found the resin precipitated from an 


“«O’Brine, D. Progress Bulletin on the Loco and Larkspur. Colo, State 
Agric. Coll. Bul. 25, p. 18. 1893. 
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alcoholic extract of the plant and also the alcoholic extract from 2.2 
pounds of the dried Astragalus mollissimus to be physiologically 
inactive. 

Oatman,¢ using Power and Cambier’s method with alfalfa (MJed?- 
cago sativa), obtained a noncrystalline mass which when given in 
0.1 gram dose caused frothing at the mouth in a kitten, but no serious 
symptoms. This 0.1 gram represented about 5 pounds of powdered 
leaves and tops of the plants. 

Since the appearance of Power and Cambier’s work Sayre has 
published various papers on the loco weeds in the Transactions of the 
Kansas Academy of Sciences for 1903-4, vol. 19, p. 194, 1905; 1901-2, 
vol. 18, p. 141; Seventh Biennial Report of the State Board of Agri- 
culture of Kansas, vol. 12, p. 97, 1891; Journal of the Kansas Medical 
Society, vol. 4, pp. 222 and 241, 1904, ete. He has contributed noth- 
ing especially new, but says that “the old theory that an alkaloidal 
poison is secreted in the plant causing the loco trouble has not been 
found tenable,” but wishes to be understood that he does not dis- 
credit the ground for the opinion that in some mysterious way 
certain disorders occur in cattle in connection with what is commonly 
called loco weed. He suggests that this connection might be some- 
what similar to the relationship between the disorder caused by over- 
feeding half-starved animals on clover or alfalfa’ and has had the 
plant analyzed as to its nutritive value, giving the table in the Trans- 
actions of the Kansas Academy of Sciences, vol. 19, p. 194. He 
makes the suggestion that any injurious action the plants may have 
might be due to the fine, hair-like projections on the plant which 
mechanically set up irritation. This supposition can be thrown out 
at once by the experiment of Day and others, who induced symptoms 
in animals by extracts of the plant, and by the fact that other coarse 
plants do not act similarly. This fine, hair-like material was found 
to constitute about 33 per cent of the plant on grinding, But Sayre 
himself does not seem to be positive as to any conclusion. He, like 
O’Brine and others, has obtained alkaloidal reactions from the plant, 
but states he has obtained similar ones from alfalfa.e At one time 
he said: 

I do not consider loco directly or indirectly the cause of the condition, but 


am of the opinion that what is called “locoed” is, first, congestion of the 
brain and spinal marrow (causing blindness and first symptoms), and, second, 


@Oatman, H. C. The Poisonous Principle of Loco Weed. Notes on New 
Remedies, vol. 4, p. 14. 1891-92. 
b Sayre, L. H. Loco Weed. Kans. Acad. Sci. Trans., vol. 18, p. 141. 1903. 
¢ Sayre, L. E. Loco Weeds. 7th Bienn. Rept. Kans. State Board Agric. for 
1889-90, vol. 12, pt. 2, p. 99. 1891. 
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softening to a greater or less extent. These terms describing the alleged 
symptoms of “ locoism’”’ might occur in well recognized diseases resulting from 
brain lesions, which latter occur in so-called forage poisoning and poisoning 
from foul drinking water, etc. 

We are not prepared to affirm or deny that the loco weed produces a train 
of symptoms characteristic of the plant.? 


Again Sayre states: 


It seems not unreasonable to suppose that the peculiar condition of the ani- 
mals of the plains, when they gorge themselves with this highly nitrogenous 
weed, has something to do with the disease. A condition of malnutrition may- 
set in and give rise to the rapid growth of a toxic-producing micro-organism 
or an irritating principle. This principle may be capable of cultivation and of 
producing disease artificially. Be this as it may, we feel warranted in saying 
that the so-called poison is a development within the animal, not a product 
preexisting in the weed itself. 


Sayre also suggests the possibility of the plants producing hydro- 
eyanic acid, which, it is well known, occurs in sorghum.’ In the 
Journal of the Kansas Medical Society (vol. 4, p. 243), he claims to 
have isolated a crystalline body, but this he has not tested physiologic- 
ally. Sayre especially deserves credit for keeping the loco investiga- 
tion alive, and no doubt his change in position is due to his lack of 
facilities for pharmacological testing. 

Carl Ruedi? fed rabbits daily by a stomach tube with 10 c. ec. of an 
extract (unstated strength) of Astragalus mollissimus and recorded 
the following results: 


After only five injections one of the rabbits died, and the post-mortem showed 
to a nicety the congestion of the whole tract of the vena port and the anemia 
of the brain. I put six rabbits under the influence of loco, and the effect was 
marked, but not rapid, if not given in very concentrated solutions. The solu- 
tions were prepared differently, and each of the rabbits had its own prepara- 
tion, but the effect was nearly the same. In the beginning loco acts as a 
stimulant; the animals get lively, hilarious, running about, cleaning themselves, 
etc. This lasts about eight hours, then they become very quiet, sit in a corner 
of a box, and one can do with them pretty nearly what one likes; they do not 
move from the place, or just run into another corner, to fall back into the same 
complacent reverie. One can leave the door open and hammer away at the 
box, but they do not show any inclination to run away. During the excitement, 
however, they become fierce, and I had once the opportunity to wateh one of 
the drollest things possible: One of the rabbits, two hours after dosing it, got 


“Sayre, L. E. Further Report on Loco Weeds. Notes on New Remedies, vol. 
4, p. 80. 1891-92. 

Sayre, L. E. The Loco Disease. Journ. Kans. Med. Soc., vol. 4, pp. 241-243. 
1904.—What is Insanity in Lower Animals? Journ. Kans. Med. Soe., vol. 4, 
p. 222. 1904. 

¢ Sayre, L. E. Loco Weed. Kans, Acad. Sci. Trans., vol. 18, p. 144. 1903. 

4Ruedi, C. Loco Weed (Astragalus Mollissimus) ; A Toxico-Chemical Study. 
Trans. Colo. State Med. Soc., p. 418. 1895.—Also Treatment of Animals Pois- 
oned by Loco Weed (unpublished article). 
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loose and ran under a porch. A heavy tomcat came near this hole, and com- 
menced sniffing about; this offended the rabbit highly, and it jumped on the 
neck of the cat, bit it through the skin, and the cat ran screaming away. When 
the animals are first under the influence of moderate doses of loco, they suffer 
greatly from hypersthesia of the cutaneous nerves; when one touches them 
with a stick while lying in a corner, without hurting them, one sees the platysma 
working away very forcibly, and sometimes they utter sounds of pain. Accord- 
ing to my experiments the loco weed works slowly but surely; as soon as the 
anemia of the brain sets in, the animals act in every respect mad like; one hour 
they are excitable, and then again dull and languid as can be. The rabbits eat, 
when well, very quickly, and whenever they haye opportunity ; not so the locoed 
rabbit; he eats slowly for a minute or two, then he goes into a corner and 
meditates, comes forward to nibble at a carrot or a piece of cabbage, but he 
never eats greedily, and does not steal it from the mouth of his neighbor, or 
only very exceptionally. I observed these rabbits for ten days; they did not 
die, because I gave them weaker solutions; but they all became very ill, and as 
I had to leave the park I killed them with the needle inserted into the medulla 
oblongata, and made the post-mortem. In all of these cases I found great con- 
gestion in the abdomen, and marked anzemia of the brain. The congestion of 
the vena porte commences certainly very early, but still the first symptoms 
are the nervous symptoms, first as excitants, then depressing or sedative, with 
a marked hyperzsthesia of the cutaneous nerves. 

Ruedi made an attempt to isolate the active principle and sepa- 
rated a base, which he calls “locoin,” from an ether shaking. This 
base, however, he found to be physiologically inactive, but believes 
the activity to be due to a body which he calls “ loco-acid,” which is 
present in the mother liquid after the shaking with ether. He, how- 
ever, has not obtaimed this in any degree of purity and gives no 
chemical data to substantiate this statement save that the fluid was 
acid. 

Experiments made at the University of Pennsylvania with certain 
loco plants on cats, dogs, and rabbits proved negative.¢ 

Other experiments on rabbits have been made by Doctor Lewis. 
These rabbits were fed on the leaves, stem, and whole plant, and aiso 
extracts of one of the loco plants (presumably Astragalus mollissi- 
mus) for one or two months, without producing any noticeable effect.” 

This uncertainty in the results of the investigation as to the cause of 
the loco disease turned the attention of observers into other lines. Pres- 
ident Ingersoll, of the State Agricultural College of Colorado, in his 
autopsies on sheep was struck by the presence of tapeworms (7aenia 
expansa) in the gall duct and small intestines. He apparently tried 
to prove a relationship between the tapeworms and the locoed condition 
by feeding the extract of a loco plant to sheep, and thus showing its 
harmlessness. . He prepared a decoction from 20 pounds of loco plant 


4The “‘ Loco Disease.” Therap. Gaz., vol. 12, p. 30. 1888. 
> Sayre, L. E. Loco Weed. Kans. Acad. Sci. Trans., vol. 18, p. 142. 1903. 
¢ Sayre, L. E. Loco Weeds. 7th Bien. Rept. Kansas State Board Agric. for 
1889-1890, pt. 2, p. 98. 1891. 
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(the species was not stated) and boiled this down from 12 gallons 
to 1 quart. This concentrated extract was fed in three days to a 
bottle-fed lamb; this lamb showed no symptoms, although kept under 
observation for two weeks. This theory of the causation of loco 
by worms was also considered by Curtice,* and later brought forward 
by Steele ® and Marshall.“ This idea is very suggestive when con- 
sidered in relation to the etiology of bothriocephalous anzmia.? 

Others, again, have claimed that the disease is due to-a parasite 
found upon the loco plants, but all specimens examined by ento- 
mologists proved to be harmless.? 

Lloyd, from his study of the subject, says: 


From first to last I have failed in obtaining a characteristic proximate prin- 
ciple, either from the fresh or dried plant. The disease called loco was as 
murky as the milk sickness so prevalent in the new settlements of Indiana 
and Kentucky in early days, and, like the numberless herbs that have been 
presumed to produce that obscure peculiar disease, milk sickness, loco was un- 
responsive to my chemistry./ : 

It may be safely said that if a specimen of the plant were to be examined 
in the ordinary manner by a chemist who had no idea of its importance he 
would report that it did not contain a characteristic proximate constituent.’ 

Can it be that an admixture of loco and some undetermined plant or earth 
infected with bacteria taken with the roots, each innocuous under other con- 
ditions, can by digestion together in the stomach and intestines result in the 
production of a poison?” 

To sum up, it seems to the writer that the poison of loco is a product, and 
not an educt.? 


4Curtice, C. Tape-Worm Disease of Sheep of the Western Plains. Bur. 
Animal Industry, 4th and 5th Ann. Rept., p. 167. 1889. 

+ Steele, C. D. New Theory about Loco. Farm and Ranch, vol. 20, No. 35, 
Deel lool, 

¢ Marshall, H. T. Loco Weed Disease of Sheep. Johns Hopkins Hospital 
Bul., vol. 15, p. 181. 1904.—Data as to these parasites of sheep may be found 
in Curtice, C., The Animal Parasites of Sheep, Bur. Animal Industry, Rept., 
1890. 

@¥aust, BE. S., and Tallquist, T. W. Ueber d. Ursachen der Bothriocephalus- 
animie. Arch. f. Exp. Path., vol. 57, p. 367. 1907. 

€ Walshia Amorphella and the Loco Weed. Insect Life, vol. 2, p. 50. 1889-90. 
Snow, F. H. Loco-Weed. Science, vol. 9, p. 92. 1887. 

fLloyd, J. U. Loco, or Crazy Weed. Eclectic Med. Journ., vol. 53, D. 
482. 1893. 

PLiloyd, J. U.;, 1. «, p. 483. 

kTloyd, J. U., 1. ¢., p. 484. 

Note.—Eccles had previously announced a somewhat similar idea. Sayre, 
L. E. Loco Weed. Proc. Amer. Pharm. Assoc., vol. 36, p. 115. 1889. 

‘ Lioyd, J, U., 1. c., p. 486. 
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But Lloyd adds, in speaking of the reports of various experts and 
ranchmen: 

Their description concerning its toxic action on animals agreed, and it was 
folly to argue that so many observers from so many sections of the country 
could be misled. There must be an undetermined something behind the loco 
weed.” 

In 1893 O’Brine, from Colorado, and Mayo, from Kansas, reported 
on their work with the loco plants. O’Brine failed to isolate any 
alkaloidal or other poisonous body, and his feeding experiments on 
himself and on rabbits having failed, he sums up in despair: “ The 
more I examine the loco question, the more I am persuaded that we 
must look for some other cause besides the loco weed.” At the end 
of his report he gives some ash analyses but fails to interpret them. 
He also fails to give details as to the method of obtaining and esti- 
mating his ash. O’Brine’s ash analyses are as follows: 


Potall aio. | e208 
Plant. d SsiO..| and | CaO. |MgoO.| K.O.| NacO. | HoSO,.| Cl. | PoO5. | COs. 
ash. Al,0. 
Al,03. 
| | 
Astragalus mollissimus 
(whole plant) ....-....-.| 19-15 |32.77 | 16.26 | ‘6.05 | 8.11, |13.30' | 3.21 3..90.\6O.47) (612s AOsbS 
Aragallus lamberti (whole 
plant) sssscc se Se 13.52.)17.08 | 12.21 \14.27 | 2.62 |17.26 | 5.75 3.22 | 3.87 | 3.30 | 17.37 
Astragalus caryocarpus ....|12.36 | 7.82 | 5.97 |12.10 | 3.55 |23.35 | 3.38 5.56 | 9.0 4.67 | 20.62 


These analyses are evidently incorrect, as O’Brine estimates a 
carbon content of 4.13 per cent for the first, and for the second 2.22 
per cent, showing incomplete combustion. 

Mayo” experimented with alcoholic and aqueous extracts of dried 
Astragalus mollissimus on guinea pigs, with negative results, and 
was first led to deny a relationship between the disease and the plants. 
Later, as a result of the post-mortem findings, he was convinced that 
his first conclusion was wrong and that “ the disease is certainly the 
result of animals feeding upon the loco weed.” Mayo says: 


A careful survey of the experiments performed and observations noted leads 
me to the opinion that the disease known as ‘‘ loco” is the result of malnutri- 
tion, or a gradual starvation, caused by the animals eating the plants known 
as “loco weeds,” either Astragalus mollissimus or Aragallus lamberti. If 
there is a narcotic principle in the plant, chemists have failed to find it and a 
fluid extract does not possess it, and a ton of the plant eaten by an animal 
ought to contain enough of the poisonous properties to destroy an animal. 


Moya; je sW:, ol. Ci. ps 453. 
>O’Brine, D. Progress Bulletin on the Loco and Larkspur. Colo. State 
Agric. Coll. Bul. 25, p. 17. 1898. 
© Mayo, N. 8S. Some Observations on Loco. Kans. State Agric. Coll, Bul. 35, 
Daa GHeS93: 
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Kobert ¢ has also tested the activity of Astragalus mollissimus and 
says, “Ich fand Astragalus mollissimus ziemlich unwirksam.” 

Doctor McEackran ” fed dried Astragalus mollissimus and Aragal- 
lus lamberti mixed with feed to a stabled animal for two months with- 
out result. (Animal not stated).° Similar negative experiments are 
reported from the State of Washington, but the amounts used were 
too small to form any conclusions.? 

Mr. V. K. Chesnut’ has busied himself with the loco problem, 
but mainly in an executive capacity, his own efforts being directed to 
the study of the relation of the loco plants to the disease on the range. 
He has done no laboratory work. Chesnut and Wilcox made numer- 
ous autopsies on sheep and experiments on animals. They claimed 
that an extract of Aragallus spicatus produced some slight narcotic 
action in rabbits. Their pathological examinations failed to show 
any characteristic lesion, but they state that the cerebral membranes 
were in all cases slightly congested. They deny any causative rela- 
tionship to the presence of worms or with feeding upon alkalis. 
They believe that sheep are more likely to become locoed if not salted 
regularly. Chesnut describes one case in which a lamb became locoed 
by nursing from a locoed mother, 

In 1901 Reid Hunt, at that time a special agent of the United 
States Department of Agriculture, studied the loco question in Mon- 
tana, working mainly with Avagallus spicatus. He moistened the 
ground-up plant with 93 per cent ethyl alcohol and then percolated it 
untilexhausted. This extract was evaporated and taken up with water 
so that 1c. c. of the solution corresponded to 10 grams of the plant. 
This was fed to an active young rabbit weighing 490 grams, 6 c¢. ¢. 
being fed by the mouth and followed in about an hour by 10 e. e. 
more, and two hours after this by 15 ¢. ¢c. This rabbit showed no 
symptoms during the following day. The next day it was very dull 
and there was marked muscular weakness, as the rabbit’s legs were 
spread wide apart and his nose rested on the ground. Later respi- 
‘ation became very slow and the pupils were dilated. The paralytic 
symptoms increased and finally, after a convulsive movement, the 


“Kobert, R. Lehrb. d. Intoxikationen, p. 615. 1893. 

4O’Brine, D. Progress Bulletin on Loco and Larkspur. Colo. State Agric. 
Coll. Bul. 25, p. 13. 1893. 

© After the manuscript of this bulletin was sent to the printer it was learned 
through Professor Carpenter that this animal was a horse. 

@Nelson, 8S. B. Feeding Wild Plants to Sheep. Bur. Animal Industry, Bul. 
22, pi-12.- 1898. 

€ Chesnut, V. K., and Wilcox, E. V. Stock-Poisoning Plants of Montana. 
U.S. Dept. Agric., Div. Bot., Bul. 26, p. 95. 1901.—Wilcox, E. V. Plant Poison- 
ing of Stock in Montana. Bur. Animal Industry, 17th Ann. Rept., p. 111. 1900. 

Nore.—The writer wishes to acknowledge the great literary help Mr. Chesnut’s 
card catalogue has been to him in the preparation of this paper. 
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animal died, thirty-six hours after the first feeding. Hunt merely 
states of the post-mortem examination that the stomach was well 
filled and that the “ walls seem normal.” 

Hunt tried to isolate an active principle by the Dragendorft 
method, but failed to obtain any physiologically active shakings. 
He tried hypodermic injections of 80 per cent alcohol extractions of 
the fresh green plant, and after the injection of an extract correspond- 
ing to 60 grams of the fresh plant there was no effect produced. He 
tried to induce symptoms by feeding the plant itself to rabbits, but 
was unsuccessful, as the rabbits refused to eat the plant. He was 
not able to induce symptoms with the extracts of the dried plant.* 

Marshall ” studied the loco question with regard to sheep and prac- 
tically denies the existence of a locoed condition due to eating the 
loco plants, but believes the condition due to bad feeding, parasitism, 
etc. He lays great stress upon the presence of worms, but fails to 
see that they may be merely a secondary infection superimposed 
upon an already morbid condition produced by eating the plants. 
Others have claimed that the cause is an insect living upon the 
loco plants. Others, again, have suggested an analogy with trypano- 
some disorders. 

Chesnut has held the view that many of the cases of so-called locoed 
sheep were really due to parasites, but that there was a true locoed 
condition due to eating the loco weeds. 

The lack of agreement in the results of the investigators has caused 
many to doubt any positive relation between the plant and the dis- 
ease, and even as late as 1904 Payne © practically says these diseases 
are due to lack of nutrition and not to the loco plant. The matter 
has been summed up in a recent work as follows: 

Though many chemists have sought for the constituents, none have been 
able to locate the active properties, the trace of alkaloids, resins, volatile and 
fixed oils having each in turn been found destitute of it. Yet the poisonous 
properties are fully established by field observations. The destructiveness of 
these plants to stock is so great as to haye probably caused upward of a mil- 
lion dollars loss in the aggregate, and large bounties have been offered by State 
governments for an effective method of avoiding such losses. It is considered 
very probable that the poisonous constituent is albuminoidal.¢ 


@ Unpublished report. 

b Marshall, H. T. Loco Weed Disease of Sheep. Johns Hopkins Hospital 
Bul., vol. 15; p. 182. 1904. 

¢ Payne, J. E. Cattle Raising on the Plains. Colo. Agric. Hxpt. Sta. Bul. 
87, p. 16. 1904. 

@National Standard Dispensatory, p. S68. 1905. 

Notre.—The field experiments of Harding and Tudor are rather conclusive 
as to the relation of these plants to this disorder. Sayre, L. E., Loco Weed, 
Amer. Vet. Rey., vel. 11, pp. 558-554, 1SS7—-Blankinship, J. W., Loco and Some 
Other Poisonous Plants in Montana, Mont. Agric. Exper. Sta. Bul. 45, pp. 83-S4, 
1903—Loco Disease, Therap. Gaz., vol. 12, p. 30, 1898. 
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Astragalus caryocarpus is at times eaten in some of the Western 
States, but is claimed by some at certain stages of its growth to con- 
tain a poisonous principle. Frankforter,? from experiments on him- 
self, however, denies this. 

Astragalus glycophyllus has been used as a diuretic and Astragalus 
exscapus in the treatment of syphilis.” “The seed of A. boeticus, 
planted in Germany and England, are found to be the very best sub- 
stitute for coffee yet tried, and so used—roasted, parched, and mixed 
with coffee.” ¢ Astragalus nuttallianus, according to Smith,’ is a 
highly nutritious forage plant in spring. Astragalus crassicarpus 
has been prophesied by him to be a valuable addition to early spring 
soiling crops. clstragalus adsurgens (nitidus) and one or two other 
species of Astragalus are still used in Chinese medicine.° The Indians 
of the Southwest are familiar with certain loco plants.’ The Tewans 
of Hano are said to eat the root of Aragallus lamberti,and Astragalus 
mollissimus is applied locally for headaches by some of the Arizona 
Indians. One of these species is used as a flavoring material by the 
Coahuillas and is mixed with other plants as spices.’ Astragalus 
kentrophyta had a reputation among the Navajos for the treatment 
of rabies." The use of certain loco plants—Astragalus mollissimus— 
has been advocated on theoretical grounds in the treatment of certain 
forms of insanity, but without favorable results.’ In Peru and Chile 
Astragalus garbancillo, A. unifultus, and A. ochroleucus have been 
considered injurious to animals.’ Astragalus glyciphyllus and A. 
alpinus have been used in Europe as food for stock.” 


@Frankforter, G. B. A Chemical Study of Astragalus Caryocarpus. Amer. 
Journ. Pharm., vol. 72, p. 320. 1900. 

bMaisch, J. M. Poisonous Species of Astragalus. Amer. Journ. Pharm., 
vol. 51, p. 240. 1879.—Fleurot. Chimiques et Pharmaceutiques sur Ja Racines 
d’Astragale sans Tiges. Journ. de Chim. Med., vol. 10, p. 656. 1S54. 

© Porcher, F. P. Resources of the Southern Fields and Forests, p. 204. 1869. 

@Smith, J. G. Fodder and Forage Plants. U. S. Dept. Agric., Div. Agrost., 
Bul. 2. (rev: ed,) - -p: 12,. 1900. 

© Holmes, E. M. Notes on Chinese Drugs. Pharm. Journ. and Trans., vol. 
Sl, 3. 8, p, 1149°- 1891. 

f Hough, W. Environmental Interrelations in Arizona, Amer. Anthropolo- 
gist, vol. 11, pp. 143, 147. 1898. 

9 Barrows, D. P. Ethno-Botany of the Coahuilla Indians of Southern Cali- 
fOMMIa, sp 675. L900: 

th Matthews, W. Navajo Names for Plants. Amer. Nat., vol. 20, p. 772. 1886. 

4 Givens, A. J. Loco or Crazy Weed. Med. Century, vol. 1, p. 21. 1893.— 
Compare Hurd, H. M. Amer. Journ. Insanity, vol. 42, p. 178. 1SS5-S6. 

J Rosenthal, D. A. Synopsis Plantarum Diaphoricarum, Erlangen, 1861, p. 
1004. Greshoff, M. Beschrijving d. Giftige en Bedwelmende Planten bij de 
Vischvangst in Gebruik, p. 51. 1900. 

kK Pott, E. Handb. d. tierisch. Erniihrung, vol. 2, p. 113. 1907. 
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Details as to the use of other Astragali can be found in Planchon, 
G., Sur les Astragales, in Journal de Pharmacie et de Chimie, 5th 
series, vol 24, p. 478, 1891; 5th series, vol. 25, pp. 169, 233, 1892. 


LABORATORY EXPERIMENTS—PHYSIOLOGICAL. 


The first point in our investigations was to determine whether the 
plant exerted any poisonous action and to find some animal which 
responded regularly to it; then to ascertain if the lack ot results of 
previous investigators was not due to insufficient doses, and later to 
see if by feeding smaller amounts at repeated intervals symptoms 
comparable to those described as occurring on the range could not be 
produced. The animal finally selected was the rabbit. 


EXPERIMENTS ON RABBITS. 
ACUTE CASES. 


Experiment No. 1.—On September 8, 1905, an aqueous extract of 
333 grams of fresh Astragalus mollissimus, made in Hugo, Colo., 
and shipped preserved in chloroform,? killed a rabbit weighing 
1,616 grams in one hour and thirty-five minutes, while an extract 
corresponding to 167 grams merely caused drowsiness and loss of 
appetite in a rabbit weighing 765 grams. . 

Experiment No. 2.—On November 29, 1905, a rabbit weighing 
1,162.3 grams was fed with a concentrated aqueous extract of 500 
grams of fresh Astragalus mollissimus, which had been shipped from 
Hugo, Colo., preserved in chloroform in sealed vessels. This animal 
died in one hour and ten minutes. The symptoms consisted in dull- 
ness, rapid respiration, and signs of pain. At autopsy the stomach 
and upper part of the small intestines showed hemorrhagic ecchy- 
moses, with dilation of the dural vessels of the brain and cord, with 
a clot over a portion of the spinal cord. 

Experiment No. 3—On February 13, 1906, a rabbit weighing 992 
grams was fed with a concentrated aqueous extract of 500 grams of 
the fresh Astragalus mollissimus, collected in September and pre- 
served in chloroform water. Before feeding, the rabbit’s ears were 
warm and the rabbit struggled when any attempt was made to turn 
him on his back. The temperature at 10.50 a. m., the time of feeding, 
was 103.5° F.; at 11.15 a. m., 102.5° F. At 11.30 a. m. the rabbit was 
breathing very rapidly and would stay on his back for some time if 


“Tn all cases in which the plants were preserved with chloroform sealed 
vessels were used for shipping. The chloroform was carefully evaporated off 
in vacuo before feeding the extract, the evaporation requiring several hours. 
The plants were collected by Dr. C. Dwight Marsh, in charge of the field in- 
vestigations at Hugo, Colo. 
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placed so. The temperature at this time was 102.6° F. Both 
pupils, the one exposed to the light and the one protected, were con- 
tracted. At 12.02 p. m. convulsive movements of the legs appeared. 
The rabbit made one leap, the temperature rose to 103.6° F., and 
after a few convulsive movements of the limbs the anus relaxed and 
a small stool appeared, the pupils dilated, and the animal died at 
12.06 p. m. 

Experiment No. 4—The feeding of the extract of 464 grams in- 
duced a fall in temperature of 2.4° F. in three hours, and the rabbit 
died several hours later (at night). 

Experiment No. 5—March 2, 1906, a rabbit weighing 928 grams 
was fed with a concentrated extract of 500 grams of the fresh seeds 
and pods of Astragalus mollissimus, made in September, 1905, and 
preserved with chloroform water. This animal died in one hour and 
seven minutes. The animal showed the usual post-mortem condi- 
tions. 

It was thus found that the aqueous extract of 500 grams of the 
fresh Astragalus mollissimus would cause death in about one hour 
in rabbits weighing about 2 pounds (907 grams), these rabbits show- 
ing constant clinical symptoms—urination, paralysis, more or less 
convulsive muscular twitchings, often terminating in general convul- 
sions, drowsiness, and stupor, with more or less anesthesia. The 
pupils at the time of death were often unequal. At first there was 
usually a slight rise in temperature, but this was soon succeeded by 
a fall. Often there were soft stools. The post-mortem lesions in 
these cases were marked congestion, with hemorrhages in the stomach 
walls and a secretion of thick mucus. The portions of the stomach 
walls most affected were the dependent portions near the cardiac 
end. The intestines showed dilatation of the blood vessels. The 
mesenteric vessels and also the vessels in the cerebral portions of the 
dura were markedly dilated; in some cases there were clots, especially 
at the posterior portion of the brain, between the cerebrum and the 
cerebellum. At times there were clots over the dorsal portion of the 
cord. On cutting into the brain the brain substance itself did not 
appear to be congested. The cord seemed about normal, but the 
vessels of its membranes were well marked. «The other organs showed 
nothing characteristic macroscopically. These experiments were re- 
peated many times and found to be constant. 

These acute symptoms were likewise produced by an extract of 500 
grams of the fresh Avagallus lamberti from Arizona preserved in 
chloroform water (rabbit weighing 1,998 grams). An aqueous ex- 
tract of 150 grams of the dried Astragalus mollissimus® from Im- 
perial, Nebr. (1906), caused death in one hour and fifty-eight minutes 


@ All extracts from dried material were made at Washington. 
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in a rabbit weighing 1,530 grams, and an extract of 100 grams killed 
in one hour and twenty-two minutes a rabbit weighing 736 grams. 

An aqueous extract of 100 grams of the dried Astragalus bigelowii 
induced death in one hour and thirty-eight minutes, the rabbit 
weighing 1,502 grams. 

An aqueous extract of 150 grams of Astragalus nitidus collected 
at Woodland Park, Colo., in 1906 induced death in three hours and 
five minutes, the rabbit weighing 1,672 grams. 

An aqueous extract of 200 grams of the dried Astragalus bisulcatus 
caused death after several hours (at night), the rabbit weighing 
2,423 grams. 

In certain cases this production of acute symptoms was not entirely 
a question of salt action, as was shown by certain other experiments. 
In other cases salt action seems to be the important factor, so that the 
production of these acute symptoms can not always be considered 
characteristic. 


CHRONIC CASES. 


Experiment No, 6—February 19, 1906, a large gray rabbit weigh- 
ing 2,055.3 grams was fed with 60 c. c. of fluid representing the con- 
centrated aqueous extract of 250 grams of the fresh Astragalus mol- 
lissimus, collected September 18, 1905, and preserved in chloroform. 
This rabbit was very hard to hold. The ears rested on the body. The 
temperature at the time of feeding, 1.30 p. m., was 102.3° F. At 2.57 
p.m. the animal looked dull but resisted handling. At 3.30 p. m. it 
urinated. At 4.15 p.m. the temperature was 98.5° F., the pupils were 
about the same size as before feeding, and the animal became much 
duller. The next day at 12.50-p. m. the temperature was 102.4° F., 
and at this time the animal could be handled with greater ease. The 
animal ate in the morning. The same amount of extract was again 
fed at 1.24 p.m. At 1.35 p.m. the animal was much duller and could 
be turned on his back with ease. If disturbed he ran against the wall 
as if utterly unconscious of the obstruction. The animal had soft, 
liquid, brown stools and tried to le down as much as possible. If 
turned on its back with the feet up it would stay so almost indefi- 
nitely. Temperature, 103,8° F.; respiration very rapid. At 2.40 p. m. 
the temperature was 99.8° F., and the animal died a few minutes later. 
After death the pupils were much contracted. The vessels of the 
dura covering the brain were much dilated, but the vessels inside the 
brain were not dilated. The stomach walls were congested and 
marked with numerous petechiew and covered with mucus. 

Experiment No, 7—On February 19, 1906, a white and brown 
‘rabbit whose temperature was 103.2° F. was fed 30 ¢. ce. of aqueous 
fluid representing the concentrated extract of 125 grams of the fresh 
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Astragalus mollissimus, collected September, 1905, and preserved with 
chloroform. The rabbit weighed 1,502.5 grams. This extract was 
fed at 1.45 p. m., and at 4.15 p. m, the temperature was 102.6° F., but 
there were no marked symptoms. The following day at 2.04 p. m. the 
temperature registered 102.5° F. The same amount of extract was 
given at 2.09 p. m. The temperature at 4 p. m. was 99.8° F., the 
animal was dull, and the pupils were perhaps a little smaller. The 
animal could not be turned over without resistance. The following 
day, February 21, at 1.30 p. m. the temperature was 102.6° F., and at 
1.45 the same amount of extract was given. At 1.54 p. m. the animal 
was much duller and the breathing was very rapid. At 4.10 p. m. 
the temperature was 101.3° F. . The animal had been dull ever since 
the feeding was begun. It nibbled food shortly before the last feed- 
ing. On February 23 the same amount of extract was given at 2.16 
p- m., temperature 99° F. The breathing was very rapid, the ears 
shaking, and there was a sleepy, dull look about the animal. At 3.30 
p.m. the animal was dull, but would still walk about if disturbed. At 
this time the animal weighed 1.445.8 grams. At 4.30 p. m. the tem- 
perature was 102° F. and the pupils were about normal size. There 
was a marked sleepy look about the animal, which sat quietly in its 
cage. 

February 24, at 1 p. m., the animal was very dull and could with 
ease be turned on its back with its feet in the air. It would sit in its 
cage perfectly quiet. The weight at this time was 1,417.5 grams, the 
temperature 96.6° F. On February 26 the animal weighed 1,560.8 
grams. It was dull and refused to eat. The abdomen felt very dis- 
tended and tympanitic. February 27 the weight was still 1,560.8 
grams, and the animal sat in its cage as if asleep, with eyes half 
closed. There was no diarrhea and the abdomen was very distended. 
At 11.15 a. m. there was a general convulsion and the animal fell 
over. At 12 m. the abdomen seemed even more swollen, the animal 
was hardly able to walk, and it fell over, uttering a cry. Pupils were 
about normal—perhaps a little smaller. The animal died at 12.10 
p.m. ; 

The post-mortem, made immediately after death, showed the abdo- 
men markedly tympanitic, and the large intestines could be outlined 
through the abdominal walls with ease. The large intestines were of 
a chocolate color, intensely congested, and marked with hemorrhages. 
On opening the abdomen there was a decided putrefactive odor, and 
about an ounce of bloody fluid was found in the peritoneal cavity, 
together with fibrin flakes. The stomach was pale. the first three 
inches of the small intestine up to where it turned sharply were pale, 
and below this the intestines were injected and full of gas and of a 
dark red color. The kidneys were 3} centimeters long and were pale, 
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capsules easily peeled off; cortex pale. Liver pale and infected with 
some coccideew. The gall bladder was one-quarter inch wide and one 
inch long. Spleen a trifle pale; lungs pale, nothing abnormal; heart 
relaxed. On opening the stomach gas and fluid, with some food, 
exuded. The walls were pale, but pink in some places. There was 
no marked congestion or hemorrhage or perforation. The mesenteric 
vessels were dilated. The upper portion of the intestines contained 
a little mucus-like fluid, but lower down became bloody, and still 
lower contained pus-like fluid. The walls were hemorrhagic. The 
large intestine contained a soft, fecal-like fluid, very foul. Its walls 
were much congested and full of hemorrhagic points. The cortex of 
the suprarenal bodies was sharply defined, the medulle brownish. 
Brain pale, some dural vessels well marked, no clots or hemorrhages. 
Base of brain pale. No congestion seen on cutting into the brain. 
Spinal cord showed no hemorrhages or lymph effusions. 

Experiment No. 8.—On February 18, 1906, at 2 p. m., a rabbit 
whose temperature was 102.2° F. was fed with the aqueous extract 
of 125 grams of fresh Astragalus mollissimus, collected in September, 
1905, and preserved in chloroform, 30 c. c. of the fluid being used. 
At 4.25 p. m. the temperature was 102.4° F. No symptoms were 
noted. This rabbit weighed 1,644.3 grams. On February 20 at 2.09 
p.m. the temperature was 102.2° F. and the rabbit showed no symp- 
toms. The same dose was repeated at 2.15 p.m. At 4 p. m. the tem- 
perature was 100.3° F. The rabbit was dull but could not be turned 
over without a struggle. February 21 at 1.30 p. m. the temperature 
was 101.4° F. The same amount of extract was fed at 1.45 p. m. 
At this time the animal was dull and breathed more rapidly. At 
4.10 p. m. the temperature was 97.5° F. Next day the same amount 
of extract was again given at 2 p.m. At 2.16 p. m. the breathing 
became rapid and the animal duller. The ears were directed for- 
ward. At 4.15 p. m. the temperature was 101.6° F.; weight 1,757.7 
grams; animal slightly dull. February 24, temperature 102° F., 
weight 1,786 grams. March 5, weight 1,729.8 grams. The animal 
was fed at 3.20 p. m. with a concentrated extract of 125 grams of 
Astragalus mollissimus, collected in September. Temperature at 
time of feeding 100.4° F.; 3.40 p. m., no symptoms; 4 p. m., tempera- 
ture 102° F. March 7, weight 1,644.3 grams; March 8, weight 1,672.6 
grams; March 10, weight 1,701 grams; March 12, weight 1,658.4 
grams; March 14, weight 1,701 grams. 

In this case, where the same dose was given in a period of five 
days, very little effect on the rabbit was noted. 

Experiment No. 9.—On March 1, 1906, a black rabbit weighing 
9,664.8 grams was fed with a concentrated aqueous extract of 250 
grams of fresh Astragalus mollissimus, collected in the fall of 1905. 
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On March 5 the weight was 2.296.3 grams. The animal was then 
given the same amount of extract. During the afternoon it passed 
mucus and thick pieces of feces and was dull; respiration very rapid. 
March 6, weight 2.282 grams; March 7, 3 p. m., animal very dull and 
would not eat; sat hunched up, but resisted being disturbed: weight 
2310.5 grams. March 8, weight 2,183 grams; March 9, weight 
2,069.5 grams. Pupils dilated: finger could be run almost against 
the eve, provided the lashes were not touched, without the animal 
winking or paying any attention. Rabbit ate very little and had 
not urinated since the preceding day. Left ear had fallen to the side 
as if the animal were unable to support it. Weight, 1,912.8 grams. 
From March 9 to March 11, 67 ¢. c. of cloudy urine were voided. 
This did not clear with acetic acid. Left eye tearing. March 10, 
head held to right side. March 12, weight 1,786 grams. Left pu- 
pil smaller than right, neither responding to light. Rabbit very 
weak. March 14, weight 1,729.3 grams. Would not eat. March 16, 
weight 1,644.3 grams. Right pupil larger than left, neither respond- 
ing to light. Diarrhea present. Breathing noisy. In sitting down 
she raised herself on her forelegs, evidently to take the pressure off 
her abdomen, which was distended. If disturbed, she would butt 
against the side of the cage, apparently oblivious of its presence. 
Knee jerks were very active, almost a clonus. Reflex from tendo 
Achillis active. March 17, forelegs spread out, head falling to left 
side. The temperature had fallen below 94° F. and would not 
register on the ordinary clinical thermometer. The ears twitched, the 
head was thrown back, the abdomen was distended, and the rabbit 
gritted its teeth. Died. Weight, 1,559.2 grams. 

Brain and spinal cord pale. Dural vessels plainly seen but not 
marked. Intestinal vessels congested. Stomach pale; nothing appar- 
ent macroscopically save a small pin-point ulcer.*. Heart relaxed. 
Post-mortem examination otherwise negative macroscopically. 

Experiment No. 10.—A mouse-colored rabbit weighing 1,927.8 
grams was fed February 18, 1906, at 2.26 p. m., with a concentrated 
aqueous extract of 250 grams of fresh Astragalus mollissimus col- 
lected in September, 1905, and preserved in chloroform water. The 
temperature of this rabbit was 102.6° F. The fluid given was 40 c. c. 
At 2.45 p. m. the rabbit urinated and at 2.57 p. m. was dull and the 
respiration became rapid. The animal then aborted and had three 
young, two of which showed some movement after birth, but were 
apparently premature. 


4Compare Plénius, W., Beziehungen d. Geschwiirs u. d. Erosionen d. Magens z. 
d. funktionell. St6rungen u. Krankh. d. Darmes, Arch. f. Verdauungsk., vol. 13, 
pp. 180, 270, 1907, and Tixier, h., Anémies Exper. Conséc. aux Uleér. du Pylore, 
Comp. Rend. Hebd. Soc. de Biol., vol. 62, p. 1041, 1907. 
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On February 23 the temperature of this rabbit was 102.9° F. at 
1.40 p.m. She was then fed with the same amount of the extract 
as before. At 2.16 p.m. she lay down and became much duller; left 
ear fallen to side. At 3.30 p.m. the rabbit was unable to stand. The 
pupil of the eye exposed to the light was dilated. The animal died 
without a struggle. The stomach contained much bloody mucus. 
In the dependent portion of the stomach near the cardiac end were 
marked petechiz in the walls, with bright-red blood in the stomach 
itself. The heart was relaxed. The intestines showed nothing abnor- 
mal. The dural vessels of the brain were dilated; there was a clot 
on the dura over the fourth ventricle. Spinal cord and kidneys nor- 
mal, the capsules not adhering. Weight, 1,786 grams at death. 

ve periment No. 11.—On March 1, 1906, a rabbit weighing 2,126.2 
grams was fed with a concentrated aqueous extract of 250 grams of 
the fresh Avagallus lamberti preserved in chloroform water. On 
March 5 this dose was repeated, 37.5 c. c. of the fluid being used. 
March 6 the rabbit weighed 1,956 grams; March 7, 1,913.6 grams; 
March 8, 1,828.5 grams; March 9, 1,701 grams; March 12, 1,672.6 
grams; March 14, 1,644.3 grams. 

Experiment No, 12.—January 19, 1906, a concentrated aqueous ex- 
tract of 500 grams of the fresh Aragallus lamberti preserved with 
chloroform water was fed to a rabbit weighing 785 grams. The tem- 
perature at 12.10 p. m., the time of feeding, was 101.6° F. The tem- 
perature 1 hour and 43 minutes later was 94.6° F., and the animal 
died shortly after, showing the same condition as occurred after feed- 
ing extracts of Astragalus mollissimus. 


PREGNANT ANIMALS. 


Experiment No. 13.—A large, gray, pregnant rabbit weighing 2,891.6 
grams was fed on February 22, 1906, with 42 ¢. ¢. of fluid, correspond- 
ing to the aqueous extract of 250 grams of Astragalus mollissimus 
collected in September and October, 1905, and preserved with chloro- 
form. At 4 p. m. the animal was dull, but still resisted efforts to 
handle. On February 24 this animal weighed 2,778.2 grams, and on 
February 26 it bore a litter of seven young rabbits. One or two of- 
these showed movements of the limbs, but were apparently immature. 
This rabbit on March 10 weighed 2,537.3 grams; March 12, 2,438 
grams; March 14, 2,508.9 grams; March 22, 2,494.7 grams. 

Experiment No. 14.—On March 1, 1906, a black rabbit weighing 
2,721.6 grams was fed at 12.15 p. m. with a concentrated aqueous ex- 
tract of 250 grams of the fresh Astragalus mollissimus collected in 
September, 1905. On March 2 it weighed 2,438 grams; at 2.58 p. m. 
it still resisted efforts to turn it on its back; at 3.15 p. m. it could be 
turned on its back with ease. March 6 the weight was 2,338.8 grams; 
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March 7 the animal was very dull, would not eat, pupils dilated, hind 
legs paralyzed; died during the night; weight, 2,267.9 grams. 

The stomach walls were pale save at the dependent portion near 
the cardiac end, where there was a hemorrhagic, ulcerated area about 
14 by 14 inches. The intestines were full of gas, but not hemorrhagic. 
The uterus contained eight immature feeti. The uterine walls were 
hemorrhagic. The kidneys weighed 94 grams; their medulle were 
dark and the straight tubules well defined. The cerebral dural ves- 
sels were congested and the spinal dural vessels were well defined. 
The bladder was found contracted. The blood gave no bands for 
methemoglobin, but showed merely those of oxyhemoglobin on spec- 
troscopic examination. 

Experiment No. 15—Control experiments made by feeding water 
were negative, except when a large quantity (150 ¢. c.) of water was 
given to a rabbit weighing 1,020.5 grams. The animal died in 12 
hours with marked pallor of the tissues (hydreemia), a pathological 
condition quite different from that obtained by feeding extracts of 
the loco plants, and no such results were secured with the amount of 
water used in our feeding experiments. 50 to 70 c. c. 


SUBCUTANEOUS INJECTIONS. 


Experiment No. 16—On February 28, 1906, a white rabbit weigh- 
ing 581.2 grams was injected subcutaneously at 10.35 a. m. with a con- 
centrated aqueous extract of 83 grams of fresh Astragalus mollissimus 
collected in September, 1905, and preserved with chloroform. The 
temperature before injection was 102.1° F. At 1.40 p. m. the animal 
was dull; at 3.12 p. m. the temperature registered 99.8° F. The ani- 
mal died during the night. The post-mortem examination was nega- 
tive. Stomach pale; heart relaxed save left ventricle, which seemed 
contracted; dural vessels of the brain dilated; kidneys perhaps nor- 
mal. No microscopical examination. 

Experiment No. 17.—February 28, 1906, at 10.25 a. m., a guinea 
pig weighing 496 grams was injected subcutaneously with a con- 
centrated aqueous extract of 83 grams of the fresh Astragalus mollis- 
simus preserved in chloroform water. At 1.40 p.m. there was mus- 
cular twitching. The animal was dull and could be easily turned. 
on his back. The hind legs began to show weakness. At 1.50 p. m. 
the hind legs were almost completely paralyzed and the animal could 
be easily turned on his back. Muscles of the limbs twitched and_ 
semen was expelled. Animal died at 2.15 p. m. 

Post-mortem showed dural vessels of cord and brain full of blood. 
Stomach pinker than normal: mesenteric vessels dilated. Heart 
almost empty of blood. Kidneys congested. 
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44 BARIUM, A CAUSE OF THE LOCO-WEED DISEASE. 
SUMMARY OF FEEDING EXPERIMENTS ON RABBITS. 


These experiments indicate that an acute form of poisoning may 
be induced by feeding concentrated aqueous extracts of Astragalus 
mollissimus and Aragallus lamberti from Hugo, Colo., and Imperial, 
Nebr., to rabbits, and that if the extract is given in smaller and re- 
peated doses a more prolonged or chronic condition may follow. 

The rabbits showing the chronic effects of these plants exhibit 
symptoms which have a marked parallelism with those reported as 
occurring in larger herbivora (horses and cattle) on the range when 
locoed; that is, the loss of appetite (Experiment No. 9), the ema- 
ciation and loss in weight (Experiment No. 9), the dullness and 
stupor, with more or less anesthesia (Experiment No. 7), the dis- 
turbance in the visual function (Experiment No. 9), and the mental 
symptoms (Experiment No. 6). The occasional abortion compares 
with what has been observed in larger animals. The dried Astraga- 
lus molissimus and Aragallus lamberti still retained their poisonous 
properties, as we were able to kill with aqueous extracts of the dried 
plants made in the laboratory under the proper conditions. 


EXPERIMENTS ON SHEEP. 


Experiment No. 1—On May 31, 1906, a sheep weighing 32.2 kilos 
was fed with a concentrated aqueous extract of 1,000 grams of the 
fresh Astragalus mollissimus preserved in chloroform water. The 
temperature at 11 o’clock, the time of feeding, was 103.4° F. At 11.45 
a. m. this dose was repeated. At 12 o’clock the temperature was 
104.1° F. At 12.45 the animal urinated. At 1.10 p. m. a similar 
extract of 2,000 grams was fed. The total quid used was 1,500 
c.¢. On June 1 no symptoms were noted. On June 5 an extract of 
3,000 grams of fresh Aragallus lamberti and 3,000 grams of As- 
tragalus mollissimus was fed. After feeding this the animal could 
be easily turned over on its back and its ear pricked with impunity. 
The animal at this time weighed 30.8 kilos. On June 6, at 11 a. m., 
the temperature was 104° F. The sheep had numerous soft stools, 
and was very dull, and would not eat. On June 7 the temperature 
was 103.7° F. and the sheep still refused to eat. On the Sth the tem- 
perature was 103.2° F. at 10.40 a .m., and the stools were still numer- 
ous and soft. 

There were then fed 640 c. c., representing the aqueous extract of 
4,000 grams of the fresh Aragallus lamberti. The animal could be 
easily turned on its back. It weighed at this time 28.57 kilos. On 
June 9, at 10.47 a. m., the temperature was 103.4° F. The sheep 
still did not eat, but had no diarrhea. It now weighed 27.9 kilos, 


ae) 


and the temperature was 103° F. at 10/45 a. m. 
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On June 13 the animal began to eat, and 1,700 c. c. of fluid, repre- 
senting 5,500 grams of the fresh Avragallus lamberti, were fed. The 
temperature at 12.30 p. m. was 103° F. On June 14 the temperature 
was 103.4° F., the animal weighed 28.3 kilos, and refused food. On 
June 16 the weight was 28.3 kilos; the temperature at 2 p. m. was 
103.5° F. There was no diarrhea. 

On June 19 the aqueous extract of 1,000 grams of the dried Astra- 
galus mollissimus was fed with 420 c. c. of water. The temperature 
was 102.6° F. On June 20 the temperature was 102.9° F. at 10.45 
a.m. 

On June 21 500 c. ¢., representing the aqueous extract of 1,000 
grams of the dried Astragalus mollissimus, were again fed. The ani- 
mal now weighed 26.9 kilos. On June 26 the animal weighed 26 kilos, 
and its gait was very uncertain. The temperature was 104.2° F. It 
was fed 300 c. c. of fluid, representing the extract of 400 grams of 
the dried Astragalus mollissimus. On June 29 the animal weighed 
26.8 kilos and the temperature was 102.8° F-. It was fed the extract 
of 1,000 grams of dried Astragalus mollissimus in 500 c. c. of water. 
On June 30, at 10.45 a. m., the temperature was 104.2° F. The ani- 
mal was very dull and died at night. 

At autopsy the intestines and stomach merely appeared pale. There 
were no worms, and the lungs and other organs appeared normal. 

Experiment No. 2—A lamb weighing 15.4 kilos was fed on July 
6, at 1.10 p. m., with 640 ¢. c. of fluid, representing the extract of 
2,000 grams of Astragalus mollissimus. At 117 p. m. the animal 
could be turned on its back, and it regained its feet with difficulty. 
At 1.24 p. m. it urinated and had a stool. The lamb died during the 
night. 

The autopsy the following morning showed the heart filled with 
clots; lungs normal save for hypostatic congestion. ‘The cerebral 
and dural vessels were dilated. About 14 teaspoonfuls of bloody 
serum were found at the base of the brain. There was none in the 
lateral ventricles, and no clots. The kidneys exhibited no marked 
congestion. There was no fluid found in the peritoneal or the pleural 
or pericardial cavities. The first stomach, however, contained small 
hemorrhagic spots, and the second was black. There were small 
hemorrhages in the intestines. 

Experiment No. 3—July 13, 1906, a sheep weighing 19.5 kilos 
was fed with 640 c. c. of fluid, representing the extract of 2,000 
grams of Avragallus lamberti. The temperature at the time of 
feeding, 1.10 p. m., was 105.3° F. At 149 p. m. the sheep could be 
sasily turned on its back. At 2.23 p.m. the temperature was 103.6° F. 
At 3.42 p. m. the temperature was 103.5° F. At 4.20 p. m. the 


respiration was fairly rapid. On July 14, at 11.15 a. m., the tempera- 
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ture was 103.6° F. The sheep would run about but could easily 
be turned over. It had not eaten, but there was diarrhea present. 
July 15, at 3.30 p. m.; the temperature was 104° F. The animal 
had eaten. On July 17 the temperature was 104° F. and the animal 
weighed 18.8 kilos. On the 27th it weighed 17.2 kilos; on August 
29, 20.8 kilos. 

Experiment No. 4—A lamb weighing 19 kilos was fed August 21, 
1906, with 740 ¢. ¢., representing the aqueous extract of 2,500 grams 
of the fresh Astragalus mollissimus, shipped to Washington in Sep- 
tember, 1905. This animal ate at night, but the following day was 
dull. When seen on August 27 there was diarrhea present and the 
unimal was still dull. On the 28th the animal died, weighing 16.7 
kilos. There was no autopsy on account of decomposition. 

Experiment No, 5.—A lamb weighing 15.6 kilos was fed on Sep- 
tember 4, 1906, with an aqueous extract representing 3,500 grams of 
the dried Aragallus lamberti, 1,000 c. c. of water being used. The 
temperature at the time of feeding was 104.3° F. At 2.48 p. m. the 
animal on rising to its feet developed a slight tremor of the fore legs 
and showed marked disinclination to stand on its feet. The tempera- 
ture was 104° F. The animal died at 4.25 p.m. The post-mortem 
was negative, save for some reddening of the second stomach.? 

These feeding experiments in sheep can not be considered quantita- 
tive, because, as is shown later, aqueous extracts of dried plants are 
often inactive, yet poisonous principles may be obtained from the 
plants by treatment with digestive fluids. 

Extracts of dried loco plants vary much in their toxicity; with 
some the writer was unable to kill rabbits, even when an extract of 
300 grams of the dried plant was used. It is interesting to note that 
when the field station was established at Hugo, Colo., in 1905, almost 
all the aqueous extracts of dried specimens sent to Washington would 
produce the acute symptoms ef poisoning in rabbits, but during the 
third season of its existence many of the samples sent from the same 
area were much less active, if not inactive. 


LABORATORY EXPERIMENTS—CHEMICAL. 


The fact that the aqueous extract of 500 grams of the fresh As- 
tragalus mollissimus, or of 200 grams (in some cases 100 grams) of 
the dried plant, when fed by mouth, would regularly kill a rabbit 
weighing about 907 grams, with certain definite clinical symptoms 
and pathological lesions, was at first arbitrarily selected as our test 


@There was a slight odor of chloroform noticed on opening the stomach, so 
that perhaps the imperfect removal of the chloroform due to a hurried evapora- 
tion of the extract should be taken into consideration in this case. 
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to aid in the isolation of the active principle. Later the production 
of chronic symptoms by the aqueous extract or digestion of 200 grams 
of these dried plants given in doses ‘of 100 grams each on two suc- 
cessive days was considered essential. Carnivora, such as dogs and 
cats, vomit so easily as to render them unsuitable for these investi- 
gations. The aqueous extract was distilled with and without steam, 
also after acidifying with sulphuric acid, and likewise after the 
addition of magnesium oxid, but in all cases the distillate was 
Inactive. 

The concentrated aqueous extract was shaken by the -Dragendorff 
method with petroleum ether, benzol, chloroform, ether, and amyl 
aleohol, both in alkaline and acid condition, but the shakings yielded 
no physiologically active body. Shakings by the Otto-Stas method 
also proved inactive. Lead acetate, lead subacetate, silver nitrate,- 
mercuric chlorid, alcohol, phosphotungstic acid, trichloracetic acid, 
ammonium hydrate, sodium carbonate, sodium hydrate, Mayer’s solu- 
tion, uranyl! acetate, silver oxid, and barium carbonate also failed to 
remove the active constituent. They gave heavy precipitates in all 
cases, but these proved inactive. Hydrocyanic acid was sought for 
with negative results. The pathological lesions in the very acute 
cases suggested in some respects oxalic acid, a saponin, a metal, or 
perhaps a toxalbumin as the active principle, but none of the pre- 
cipitants for saponins, such as lead and copper, or the magnesium oxid 
method yielded a body which was active. Proteids were excluded 
by the fact that the various proteid precipitants—alcohol, trichlor- 
acetic acid, lead subacetate, mercuric sulphate or chlorid, and salting 
out with ammonium sulphate and sodium chlorid (complete satura- 
tion and half saturation)—failed to give an active precipitate. Glu- 
cosidal or alkaloidal bodies were alsc excluded. On dialysing for 
twenty-four hours, some of the active principle went into the dialysate 
and some remained in the dialyser. Ether yielded a precipitate from 
alcoholic solution which failed to kall. The possibility of the activity 
of the plants being due to its normal acidity was excluded by neutral- 
izing the extract with sodium hydrate and precipitating the salts 
with aleohol. The filtrate proved active after removing the alcohol. 

The negative results in looking for active alkaloidal, or glu- 
cosidal, or proteid bodies suggested that perhaps the action was due 


to some inorganic constituent. The writer then boiled the extract 

three minutes and as the filtrate was still found active and the proteid 

precipitate inactive became convinced of the inorganic nature of the 

active constituents, and finally incinerated the plant. The acid 

extract from this was also active, but death was delayed several 

hours. This was believed to be due to the insoluble form into which 
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the compound was conyerted.* In fact, the question of solubility 
and the avoidance of an acid reaction, which of itself may kill, are 
the main points to keep in mind. 

These experiments indicated that the injurious action toward 
rabbits of the Astragalus mollissimus and Aragallus lamberti col- 
lected at Hugo, Colo., was due to one or more inorganic constitu- 
ents,” but it does not follow that all loco plants have the same poison- 
ous principle nor that the same species occurring on all soils has the 
same poisonous action.° 

Of Astragalus mollissimus from Imperial, Nebr., collected in 1906, 
200 grams were ashed in a platinum bowl and extracted with water. 
This aqueous extract when neutralized produced no marked symp- 
toms in a rabbit and the weight of the animal remained about the 
same. 

The ash undissolved after this extraction was then treated with 
acetic acid and water overnight, and after carefully evaporating off 
the acetic acid on the bath (tested by htmus paper) the residue was 
fed, partly in solution and partly suspended in water, to a rabbit 
weighing 1,800.2 grams. Next day the rabbit weighed 1,771.8 grams, 
showed paralysis of the limbs, and died during the morning. The 
stomach was intensely reddened and contracted. 

An extract of a similar ash was made by boiling the same amount 
with a large quantity of 94 per cent alcohol. This was evaporated 
in vacuo and taken in water and fed to a rabbit weighing 1,459.9 
grams. On the sixth day the animal died, having lost 70.9 grams in 
weight. The stomach showed reddening but no ulcers. 

An acetic acid aqueous extract, made from the ash after the alco- 
holic extraction, proved inactive, showing that the alcohol had re- 

4Work is now being done by the writer on the inorganic constituents of 
various plants. 

> Seattered throughout the veterinary literature one finds cases of poisoning 
in animals with symptoms similar to those occurring in locoed animals which 
are attributed to eating plants grown on a peculiar soil, as in Oserow, Ueber 
IKkrankh, d. Pferde, welche Aehntichkeit mit der Cerebro-spinal meningitis haben, 
aber durch Vergiftungen mit Griisern yon Salzgriinden (Salzmooren) verur- 
sacht werden, Journ. f. Allgem. Veterinir-Medicin, St. Petersburg, p. 486, 
1906. Abstract in Jahresber. tiber d. Leistungen auf dem Gebiete d. Veteriniir- 
Medicin, vol. 26, p. 226, 1906.—Compare also Etude sur Quelques Plantes 
Vénéneuses des Regions Caleaires, Bul. Soc. Cent. de Méd. Vét., vol. 48, p. 3878. 
1894, 

¢ After completing this work the writer found that Sayre had said that he 
“had the suggestion that the harm coming from this plant is due to the in- 
organic constituents; this clue has been followed up, but like the others has 
brought us no nearer to the solution of the problem.” WKans. Acad. Sci. Trans., 
vol. 18, p. 144. 1903. 
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moved the active bodies. A 70 per cent alcohol extract of another 
ashed lot proved active, killing the rabbit overnight. . 

Of Astragalus mollissimus from Imperial, Nebr., 200 grams were 
ashed in a platinum bowl and the ash treated with acetic acid water. 
After freeing from acid, one half of the solution and emulsion was 
fed one day and the second half fed the following day. The rabbit 
at the time of feeding weighed 1,275.7 grams. Fourteen days later 
the animal died, weighing 1,105.6 grams. No autopsy. 

A similar extract of the ash from between 100 and 150 grams of the 
same dried plant produced death in a rabbit weighing 1,190 grams in 
two hours and fifty-eight minutes. 

The acetic acid extract of the ash of 125 grams of a mixture of the 
dried Astragalus mollissimus and Aragallus lamberti received from 
Hugo, Colo., June, 1907, after freeing from acid, was fed to a rabbit 
weighing 1,304 grams on July 29. On July 30 it weighed 1,332.4 
grams. August 1 it weighed 1,219 grams, and it died the same day. 
The stomach was reddened and showed ulcers. 

A similar extract from 250 grams of the same dried plants on boil- 
ing gave a heavy precipitate, but this precipitate was inactive, while 
the filtrate killed a rabbit in four hours. 

Of dry Aragallus lamberti collected in September, 1906, 200 grams 
were extracted with water and fed to a rabbit weighing 1,516.7 
grams. Two days later the animal weighed 1,360 grams and died the 
same day. 

The ash from 200 grams of the same dried plant was extracted 
with acetic acid, and after evaporating off the acid this was fed to a 
rabbit weighing 2,045.3 grams. Seven days later the animal weighed 
1,729.3 grams, having lost 316 grams in weight. 

The ash from 250 grams of the same species of plant, after similar 
treatment with acetic acid, induced death in a rabbit weighing 2,069 
grams in 2 hours and 20 minutes. The stomach was inflamed. 


EFFECT OF THE AQUEOUS EXTRACT OF ASHED LOCO PLANTS. 


The filtrate from the ash from 200 grams of dried Astragalus mol- 
lissimus, from Imperial, Nebr., after similar treatment with acetic 
acid water and freed from free acid, killed a rabbit in several hours. 

Hydrochloric acid also rendered the toxic agent of the ash soluble 
in water, but proved unsuitable for our work, as it was found impos- 
sible to obtain neutral residues by mere evaporation on the bath. At 
first one of the heavy metals or members of the H.S group “@ was sus- 
pected, but on passing H,S into the slightly acid extract of the ash no 


“Swain, R. E., and Harkins, W. D. Arsenic in Vegetation Exposed to Smelter 
Smoke. Journ. Amer. Chem. Soc., vol. 30, p. 915. 1908.—Harkins, W. D., and 
Swain, R. E. The Chronie Arsenical. Poisoning of Herbivorous Animals. 
Journ, Amer. Chem. Soc., vol. 30, p. 928, 1908. 
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active precipitate resulted, but the filtrate remained active. A spe- 
cial Marsh test was, however, made for arsenic and antimony with 
negative results. A test for tungsten with zine and hydrochloric 
acid proved negative. 

Members of the ammonium sulphid group were then suspected, 
but while ammonium hydrate alone gave a heavy white precipitate, 
this precipitate, as also the black one with ammonium sulphid, proved 
inactive save when not thoroughly freed from acid (used for solu- 
tion). The action of this ammonium sulphid precipitate on rabbits 
was watched for sixteen days, but without result. Nevertheless, the 
writer still suspected some of the rare earths.? 

Sestini® had found that if certain plants were nourished with a 
solution of a beryllium salt, in the ash of these plants could be shown 
the presence of beryllium. 

Two grams of beryllium chlorid were fed in aqueous solution to a 
rabbit weighing 1,800.2 grams. In four days this animal lost 241 
grams and died. The stomach showed the same general pallor seen 
in chronic locoed rabbits, but no ulcers. The tests for beryllium by 
Sestini’s method, however, failed to show beryllium in the active loco 
plants examined. 

Thorium chlorid, cerium chlorid, and lanthanum chlorid in 2-gram 
doses and zirconium chlorid in 3-gram doses produced no chronic 
symptoms in rabbits or, in fact, any disturbance. Titanium chlorid, 
2.5 grams, evaporated in the air and then fed in an emulsion to a 
rabbit, also proved inactive, but this inactivity may have been due to 
its insolubility. 

Thallium nitrate ec. p., in aqueous solution, in 2-gram doses, killed 
a rabbit weighing 2,154.6 grams in two hours and fifteen minutes. 
The stomach in this case, while pink, was not hemorrhagic. 

Zirconium chlorid has an astringent taste, and if fed repeatedly will 
cause the metallic astringent action. On boiling an acetic acid solu- 
tion of the ash with sodium acetate a precipitate formed.” 

The presence of zirconium was thus suspected and Dr. E. C. Sulli- 
van, of the United States Geological Survey, estimated it to be 


4A similar extract was sent to the Bureau of Chemistry, and that Bureau 
also reported an absence of the elements of the H:S group. 

+’ Bachem, C. Pharmakologisches iiber einige Edelerden. Arch. Internat. de 
Pharmacodyn., vol. 17, p. 368. 1907. 

¢Sestini, F. Esper. di Vegetaz. del Frumento con Sostituz. della Glucina 
alla Magnesia. Staz. Sper. Agrar. Ital., vol. 20, p. 256. 1891.—Di aleuni Ele- 
menti Chimici Rari a Trovarsi nei Vegetabili. Staz. Sper. Agrar. Ital., vol. 15, 
p. 290. 1888. 

Note.—The ammonium sulphid precipitate was very small if the phosphates 
were first removed with tin and nitric acid. 

@Bobhm, C. R. Darstellung d. seltenen Erden, vol. 1, p. 40. 1905. 
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present in the ash of a sample of Aragallus lamberti in about 0.01 
per cent zirconium oxid, with also 0.1 per cent titanium dioxid. 7 

Zirconium chlorid, 83 grams, was fed in aqueous solution to a rab- 
bit weighing 850.5 grams. This rabbit lost 96 grams in seven days, 
and was then fed 3 grams more of the same solution and the fol- 
lowing day 2 grams more. It died eight days later, weighing 656 
grams. The stomach and intestines were contracted, but showed 
no ulcers. However, 4 grams killed a rabbit in two hours and thirty- 
two minutes. 

The filtrate, after treating an active solution of the ash with hy- 
drogen peroxid, proved active, thus showing that zirconium was not 
entirely responsible for the poisonous action. 

Yttrium, while not found in the plant, was administered as yttrium 
chlorid to a rabbit weighing 1,530 grams in 2-gram doses in solution. 
This animal gained 113.4 grams in five days. 

Didymium chlorid c¢. p., in 3-gram doses, was fed to a rabbit 
weighing 1,020 grams. This rabbit lost 70 grams in four days. 

The administration of manganese acetate’ in 2-gram doses was 
followed by a gain in weight of a rabbit of 42.5 grams, while a dose of 
3 grams killed a rabbit weighing 1,077 grams in two hours and thirty 
minutes. Wohlwill® has emphasized the fact that the members of 
the iron group owe their comparative harmlessness to not being ab- 
sorbed by the gastro-intestinal tract. 

No zine was found in the plant.? 

It is well recognized that potassium salts given hypodermically 
are decidedly toxic and that ammonium salts given per os will kill, 
so that the writer considered the possibility of other members of the 
group being responsible for the injurious action. The fact that the 
alkaline distillate of the plant proved inactive eliminated the am- 
monium salts. . 

Cesium chlorid ec. p., 2 grams, was fed in aqueous solution to a 
‘rabbit weighing 1,077.2 grams. In six days this animal lost 255 
grams in weight, when it died.’ 
a@Wait, C. E. Occurrence of Titanium. Journ. Amer. Chem. Soc., vol. 18, 
p. 402. 1896. 

Notre.—There seem to be no records of any study of the pharmacological 
action of titanium, 

’Compare Jaksch, R. vy. Ueber Mangantoxikosen und Manganophobie. 
Miinch. Med. Woch., p. 969. 1907. 

© Wohlwill, F. Ueber d. Wirkung d. Metalle d. Nickelgruppe. Arch. f. Exper. 
Path., vol. 56, p. 409. 1907. 

4QLaband, L. Zur Verbreitung des Zinkes im Pflanzenreiche. Zeits. f. Unter- 
such. d. Nahrungs- u. Genussmittel, vol. 4, p. 489. 1901. 


€Crsium occurs in various plants and the possibility of poisoning by this 
element must be considered. It is hoped that the writer may be able to under- 
take a more thorough pharmacological study of this element, 
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A second rabbit, weighing 1,020.5 grams, was fed with 2 grams 
of the same solution and lost 368 grams in twenty-one days. The 
spectroscopic test, however, failed to show cesium in the ashed 
plant. Rubidum chlorid c. p., in 2-gram doses, proved inactive. The 
platinum chlorid precipitate from the extract of the plant proved 
inactive. 

The fact that the filtrate after precipitation of the phosphates 
by tin and nitric acid and H,S was active excluded the phosphoric 
acid radical, and the filtrate after treatment with BaCO, and AgO 
being active excluded the H,SO, and HCl radicals as the toxic 
body. Fluorine was proved to be absent. 

A radio-active substance was suspected, but Dr. L. J. Briggs, 
Physicist of Bureau of Plant Industry, reported that the dried plant 
showed no special amount of radio-activity.¢ 

Power and Cambier, Sayre, and Kennedy had previously called 
attention to the abundance of calcium in the plant, and the writer’s 
investigations confirm this. Pharmacologists are averse to believing 
‘alcium given per os poisonous. The writer has, however, fed 5 
grams of the acetate of calcium in solution to a rabbit weighing 
652 grams. This animal died in two hours, with marked irritation 
of the stomach, the result being due to the so-called “ salt action.” 
Much larger amounts were fed in divided doses, but without injury. 
Calcium phosphate and calcium sulphate in 2-gram doses proved 
harmless to a rabbit weighing about 1,400 grams. Three grams of 
magnesium acetate” were fed in solution for five successive days 
to a rabbit weighing 1,417 grams, but without apparent effect. 

Strontium acetate c. p., in 2-gram doses, likewise caused no dis- 
turbance. No strontium in any amount recognizable by chemical 
tests was proved in the plant. So that by a process of exclusion the 
writer was forced to think of barium as the main cause of the trouble. 

The writer noted that if the ashed plant was extracted with H,SO, 
water and this extract freed from sulphuric acid with PbCO, and 
HS the solution proved inactive to rabbits and also that after this 
extraction the acetic acid extract of the ash failed to kill. In other 
words, the sulphate of our body was insoluble in water. At times 
in passing H.S into active solutions of the ashed plant freed from 
the acetic acid by evaporation the filtrate and likewise the precipi- 


@ Acqua, ©. Sull’accumnlo di Sostanze Radioattive nei Vegetali. Atti della 
Reale Accad. dei Linecei, 5 s, vol. 16, sem. 2, p. 357. 1907. 
4’ Compare Meltzer, S. J. Toxicity of Magnesium Nitrate When Given by 
Mouth. Science, vol. 26, p. 4738. 1907. 
¢ Burgassi, G. Modificaz. del Ricambio per Azione dello Stronzio. Archiv. 
di Farmacol., vol. 6, p. 551. 1907. 
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tate were inactive. Noyes and Bray“ have noted that if H,S is passed 
into certain solutions in the presence of an oxydizing agent, such 
as ferric iron, H,SO, would be formed, which would throw any 
barium out of solution. 

In one blood-pressure record made with a dog (vagi nerves cut), 
a rise in blood pressure (a characteristic physiological action of 
barium) was seen to follow the intravenous injection of the aqueous 
extract of the plant, in spite of its normal acid reaction. 

Accidentally the writer found that Sprengel” had reported the 
presence of barium in Astragalus exscapus, a closely allied plant. 
Barium has also been found in the vegetable world by Scheele in 
1788, and later by Eckard,¢ who found it in beech, while Forch- 
hammer ® proved it in birch, and Lutterkorth found it in the soil of 
the same area in which Eckard worked. Dworzak ¢ noted the occur- 
_rence of traces of this element in wheat grown along the Nile, and 
Knop/ found it in the soil. Doctor Balfour, of Khartum, Egypt, 
informed the writer that he knew of no eases in which this barium 
in wheat had produced poisoning. Hornberger’ found barium both 
in the red beech grown in Germany and in the soil on which these 
trees grew. It has also been claimed that various marine plants 
may take up barium from the sea." 


4 Noyes, A. A., and Bray, W. C. System of Qualitative Analysis for the Com- 
mon Elements. Journ, Amer. Chem. Soc., vol. 29, pp. 168, 172, and 191. 1907. 

Note.—Barium sulphate is nontoxic on account of its insolubility. Orfila 
fed 16-24 grams to dogs without causing any disturbance. Bary, A. Beitr. z. 
Baryumwirkung. Dorpat, 1888, p. 25. 

’.Sprengel, C. Von den Substanzen der Ackerbrume und des Untergrundes, 
Journ. f. Techn. u. Gskon. Chem., yol. 3, p. 313. 1828. 

© Eckard, G. E. Baryt, ein Bestandtheil der Asche des Buchenholzes. <Annal. 
der Chem. u. Pharm., n. s., vol.-23, p. 294. 1856. 

@Forchhammer, J. G. Ueber den Finfluss des Kochsalzes auf die Bildung 
der Mineralien. Annal. d. Physik u. Chemie, vol. 5, p. 91. 1905.—Lutterkorth, 
H. Kohlensiiurer Baryt, ein Bestandtheil des Sandsteines in der Gegend von 
76ttingen. Annal. d. Chem. u. Pharm., n. s., vol. 23, p. 296. 1856. 

€Dworzak, H. Baryt unter den Aschenbestandtheilen des Agyptischen 
Weizen. Landw. Versuchs.-Stat., vol. 17, p. 398. 1874. 

fKnop, W. Analysen von Nilabsatz. Landw. Versuchs.-Stat., vol. 17, p. 65. 
1874.—\ Compare also Demoussy, E., Absorption par les Plantes de Quelques 
Sels Solubles, Thése, Paris, 1899.—Knop, W., Einige neue Resultate der Unter- 
suchung tiber die Ernihrung der Pflanze, Ber. ii. Verhandl. d. kinigl. siichs. Ge- 
sells. d. Wissens. zu Leipzig, Math. Phys. Cl., vol. 29, p. 113, 1877.—Suzuki, U., 
Can Strontium and Barium Replace Calcium in Phienogams? Bul. Coll. Agric. 
Tokio Imp. Univ., vol. 4, p. 69, 1900-1902. 

9 Hornberger, R. Ueber d. Vorkommen d. Baryums in d. Pflanze und im 
Boden. Landw. Versuchs.-Stat., vol. 51, p. 473. 1899. 

* Roseoe, H. E., and Schorlemmer, C. Treatise on Chemistry, vol. 2, p. 455. 
1897. 
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“Hillebrand @ has called attention to the fact that the ignéous rocks 
of the Rocky Mountains showed a higher percentage of barium than 
rock from other portions of the United States, so that under these 
conditions one might expect the presence of barium in plants grow- 
ing in this region. A sample of Avagallus lamberti and one of As- 
tragalus mollissimus were sent to the Bureau of Chemistry for spec- 
troscopic examination for various elements and they reported traces 
of barium in each.’ 

With these arguments the writer felt sure of the presence of 
barium, and the matter was discussed with Dr. E. C. Sullivan, of the 
United States Geological Survey, and he kindly corroborated the 
conclusions reached as to the presence of barium, controlling its 
presence by means of the spectroscope, and estimated it roughly as 
0.1 per cent BaO in the ash of a sample of Aragallus lamberti (6.8 
milligrams BaSO, in 4 grams ash). This determination was made 
by Hillebrand’s method. 

Kobert has anticipated this result, saying that “all plants are in 
the position occasionally to take up barium combinations from the 
soil,” and “* the plants which thus contain barium may act injuriously 
to men and animals.” ¢ 


TOTAL ASH DETERMINATIONS OF LOCO PLANTS. 


The reports of the ash analyses of the loco plants show marked 
variations in the total amount of the ash. Thus, from Avagallus 
lamberti Dyrenforth obtained 4.32 per cent and O’Brine 13.52 per 
cent of ash. The Bureau of Chemistry analyzed two different 
samples of this dried plant and reported in one case 11.15 per cent 
and in the second 11.64 per cent of ash. O’Brine® obtained 13.52 


“ Hillebrand, W. F. Analysis of Silicate and Carbonate Rocks. Dept. In- 
terior, U. S. Geol. Survey, Bul. 305, p. 18. 1907. 

‘This report came from the Plant Analysis Laboratory of the Bureau of 
Chemistry, a different one from that which later controlled the writer’s tests 
quantitatively and qualitatively. In other words, the conclusions of the writer 
as to the presence of barium were controlled by three separate individuals. 

© Kobert, R. Kann ein in einem Pflanzenpulver gefundener abnorm héher 
Barytgehalt erklirt werden durch direkte Aufnahme yon Baryumsalze durch 
die lebende Pflanze aus dem Boden? Chem. Zeit., vol. 10, p. 491. 1899. 

Note.—The writer has also found barium in entirely different botanical 
families from the loco weed, and it is hoped a report can shortly be made of 
some of these. 

Notre.—tThe first sample of ash analyzed by the Bureau of Chemistry had 
0.21 per cent Fe.Os, 0.92 per cent Al.O;, 0.98 per cent CaO, 0.37 per cent MgO, 
5.50 per cent SiO.. The second lot was only examined for certain constituents, 
and gave K.O, 2.25 per cent; CaO, 1.20 per cent; MgO, 0.41 per cent; POs, 0.52 
per cent; and SOs, 0.24 per cent. 

@The detailed analysis of O’Brine can be found on page 32 of this report. 
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per cent of ash from the same species. The writer’s analysis” gave 
in one sample of Avragallus lamberti, collected at Hugo, Colo., in 
1907, 18.8 per cent of ash; a second lot (1907), 12.44 per cent; a 
third (1906), 11 per cent, and a fourth (May, 1905) gave 37.3 per 
cent of ash.” One lot from Woodland Park, Colo. (October, 1906), 
gave 6.4 per cent. One lot from Hugo, Colo. (October, 1907), 
yielded 9.6 per cent. 

In the case of Astragalus mollissimus, Wentz obtained 6.76 per 
cent, Sayre 12.01 per cent, Kennedy 20 per cent, O’Brine 12.15 per 
cent, while the sample analyzed by the Bureau of Chemistry gave 
18.4 per cent of ash. One sample from Kit Carson County, Colo. 
(December, 1906), which proved inactive physiologically, gave an 
ash content of 6.9 per cent. A sample of Astragalus missouriensis 
collected at Hugo, Colo., June, 1907, yielded an ash content of 21.8 
per cent, and an Astragalus missouriensis collected at Pierre, S. Dak., 
September, 1907, yielded 27 per cent. An Astragalus nitidus from 
Custer, S. Dak. (July, 1907), gave 5.2 per cent ash, while an Astra- 
galus nitidus collected at Woodland Park, Colo., in October, 1906, 
yielded 7.8 per cent, and another specimen of Astragalus nitidus 
also collected at Woodland Park, Colo., in October, 1907, gave 12.2 
per cent. An Astragalus drummondii from Custer, S. Dak. (July, 
1907), gave 5.9 per cent. Astragalus pectinatus (Hugo, June, 1907) 
yielded 6.1 per cent. A fresh (undried) specimen of Astragalus 
mollissimus (unknown origin, November, 1907) yielded 3.8 per cent 
of ash. One sample of Astragalus decumbens (Ephraim, Utah, 
August, 1907) gave 21.8 per cent of ash. 

These determinations must necessarily be only approximate, as 
the plants were collected by different persons who exercised dif- 
ferent degrees of care in freeing them from adherent soil, and pos- 
sibly in drying the plants, so that the main value of these figures 
is their aid in determining the amount of barium present. 


BARIUM DETERMINATIONS IN THE ASH OF LOCO PLANTS. 


Attention has been called to the fact that in ashing plants con- 
taining barium a part at least of this barium is converted into the 
insoluble sulphate and a part into the carbonate, so that the char- 
acteristic pharmacological action of the ash will depend not upon 
the total barium present, but upon the form in which it occurs— 
little action if much BaSO, and more complete if more BaCO, 
results. A further difficulty in the recognition of barium in plants 


“All ash and barium determinations were made from the dried plants save 
when otherwise specified. 
> Evidently these plants must have been imperfectly freed from soil. 
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is due to the fact that certain inorganic salts interfere with the 
precipitation by H.SO,. 

A specimen of Avragallus lamberti (Tlugo, summer of 1907) with 
12.44 per cent of ash was examined for its barium content by Hille- 
brand’s method. The method was as follows: 

Two grams of the ash were first fused with sodium carbonate and 
the fused mass washed with water containing sodium carbonate. The 
residue was washed into a beaker and treated with a few drops of 
sulphuric acid. The residue now remaining was filtered and after 
ignition was treated with hydrofluoric and sulphuric acids. After 
evaporating off these acids, the residue was treated with sulphuric 
acid water, filtered, and then fused with sodium carbonate. After 
extracting with sodium carbonate water, the residue was dissolved in 
just enough hydrochloric acid and precipitated with sulphuric acid. 
The precipitate was dissolved in concentrated sulphuric acid and 
reprecipitated by water and weighed as BaSQ,.? So far as the 
writer can ascertain, there have been no control experiments made for 
this method to determine the experimental error. 

Of the above ash, 1.998 grams gave 5.2 miligrams of BaSQO,, which 
would correspond to 75.75 milligrams of barium acetate erystals— 
Ba(C.H,O,),+H,.O—in 200 grams of the dried plant. The residue 
by the Hillebrand method after weighing was tested with the spec- 
troscope and gave a bright spectrum for barium. The same ash was 
analyzed by the Bureau of Chemistry, using a shorter method, and 
they reported 2.7 milligrams of barium sulphate in 1.1217 grams of 
ash. A second sample collected earher in the summer, with an ash 
content of 18.6 per cent, was shown to yield barium corresponding to 
3.4 milligrams of BaSO, in 2.5 grams of the ash.¢ 

One lot of Avagallus lamberti collected at Hugo, Colo., in May, 
1905, and which gave an ash content of 37.3 per cent, was found to 
yield 3 milligrams of BaSO, from 1.998 grams of ash, or 173.88 
milligrams of Ba(C,H,O0.),.+H.O in 200 grams of the dried plant, 
but this ash also contained 0.27 per cent of SO,. The Bureau of 
Chemistry reported the barium to correspond to 2.9 milligrams of 
BaSO, in 2.45 grams of the ash. 

The Astragalus missouriensis (Hugo, June, 1907), with an ash 
content of 21.8 per cent, gave 3: milligrams of BaSO, in 2.01 grams 


4 Hillebrand, W. FF. Analysis of Silicate and Carbonate Rocks. U. S. Geol. 
Sury. Bul. 305, p. 116. 1907. See also Folin, O., On the Reduction of Barium 
Sulphate in Ordinary Gravimetric Determinations, in Journ. Biol. Chem., vol. 
By [oy cally) BRE 

® All the determinations of barium which resulted either positively or nega- 
tively were made with the same bottle of sodium carbonate and H:SO,,. so 
that impurities in the chemicals were thus eliminated. 

© Report from Bureau of Chemistry. 
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of ash, or 76.58 milligrams of Ba(C,H,O,.),.+H,O in 200 grams of 
the dried plant. The residue after weighing was tested spectro- 
scopically and gave a bright barium spectrum. 

The Astragalus drummondii from Custer, S. Dak. (1906), Astra- 
galus mollissimus from Kit Carson County, Colo. (December, 1906), 
and Astragalus nitidus from Woodland Park, Colo. (October, 1907), 
were reported by the Bureau of Chemistry to contain no barium. 

The ash of the Astragalus pectinatus (Hugo, June, 1907) was re- 
ported by the Bureau of Chemistry to show no barium on spectro- 
scopic examination. 

Two grams of active loco plant ash yielded from 5 to 6 milligrams 
of BaSO,, but it can be easily seen that in multiplying this amount to 
correspond to 200 grams of the dried plant errors would be likely to 
arise, so that the whole amount of barium would not necessarily be 
accounted for. 


ANALYSIS OF SOILS. 


One sample of the soil from near Hugo, Colo., from which the 
Aragallus lamberti was collected, was examined by the Bureau of 
Soils, and that Bureau reported the absence of barium and zirconium, 
at least of any recognizable by the chemical methods used, so that it 
can not be said that the barium came from any soil accidentally mixed 
with the ash. Traces of titanium were, however, found. Evidently 
the plant must collect minimal quantities of these elements from the 
soil and store them. 

The water from a well of an adjacent area was examined by the 
_Bureau of Chemistry and reported to contain 37.4 parts of calcium 
and 13.7 parts of magnesium in one million, and that the water con- 
tained no barium.* 


FEEDING EXPERIMENTS WITH BARIUM SALTS ON ANIMALS IN 
THE LABORATORY. 


On these figures the writer took 0.2 gram of crystallized barium 
acetate c. p., using the acetate because acetic acid has been proved in 
certain loco plants by Power and Cambier, and after dissolving it in 
water fed it at 9.45 a. m. to a rabbit weighing 1,177 grams. The 
head soon fell forward so that the nose rested on the ground. At 
10.58 a. m. the rabbit seemed unable to guide itself and would run 
into obstructions if forced to move. There was no diarrhea but it 
urinated several times. There was a peculiar tremor of the muscles 
noted. The animal would not startle by sudden noises and at 11.06 


@ Barium has been found in well water in England. See Thorpe, T. E., Contri- 
bution to the History of the Old Sulphur Well, Harrogate, in Philos. Mag., 5 s., 
Vol: 2, ‘p. 50, 1876. 
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a. m. could be placed on its back with ease. The pupils appeared 
about normal. The whites of the eyes showed very prominently. At 
11.35 a. m. the fore legs were paralyzed. The following morning the 
animal was dead, its weight being 1,120 grams. The heart was di- 
lated; the stomach was not hemorrhagic, but rather pale. 

A second rabbit, which weighed 1,630 grams, was fed with a solu- 
tion of 0.5 gram of the same salt at 9.42 a.m. At 10.35 a. m. the 
animal passed soft stools and showed a marked disinclination to 
move, with evidence of pain. The diarrhea’ became more marked 
and the animal’s hind quarters were soiled with feces. At 10.48 a. m. 
there was marked incoordination of the limbs and inability to stand. 
Finally, at 10.56 a. m., convulsions began and the animal died at 11.02 
a.m. The autopsy was made about two hours later. The animal 
was then rigid. The kidneys seemed rather congested. The intes- 
tines were relaxed; mesenteric vessels dilated. The pyloric region 
of the stomach appeared hemorrhagic. 

A third rabbit, fed like the preceding with 0.5 gram of barium 
acetate, showed much the same result. In this case there was some 
retching, but the other symptoms were as above, the animal dying 
in one hour and five minutes. No hemorrhages were seen in the 
stomach walls. It was noted that after the administration of certain 
doses, 0.2 gram, there was no diarrhea. 

On September 23, 1907, a rabbit weighing 1,757 grams was fed at 
10.42 a. m. with 0.1 gram of the same barium acetate. The tempera- 
ture at the time of feeding was 102.9° F. At 12.05 a. m. the animal 
urinated. Temperature, 101.4° F. On September 24 the animal 
weighed the same. Temperature at 10.55 a. m., 102.3° F. The same 
amount of barium was fed. At 3.40 p. m. the temperature was 
102.5° F. On September 25 the animal weighed 1,800 grams. Tem- 
perature, 102.2° F. at 10.39 a.m. The dose of barium was repeated. 
At 3.55 p.m. the temperature was 101.4° F. On September 26 at 
9.38 a. m. the temperature was 101.1° F., and again the barium was 
given. At 3.57 p. m. the temperature was 101.5° F. On September 


@Magnus, R.. Wirkungsweise u. Angriffspunkt einiger Gifte am Katzendarm. 
Archiy. f. Gesam. Physiol., yol. 108, p. 44, 1905. 

Note.—Reports on the histological changes in acute barium poisoning can 
be found in Pilliet, A., and Malbec, A. Note sur les Lesions Histologiques du 
Rein Produits par les Sels de Baryte sur les Animaux. Comp. Rend. Hebd. Soc. 
de Biol., vol. 4, p. 957. 1892. 

Literature on the pharmacology of barium not otherwise referred to is 
as follows: Boehm, R. Ueber d. Wirkungen d. Barytsalze auf d. Thierkérper. 
Arch, f, Exp. Path., vol. 3, p. 217. 1875.—Sommer, I’. Beitr. z. Kennt. d. 
3aryum-Vergiftung. Dissert., Wiirzburg, 1890.—Neumann, -J. Ueber den 
Verbleib der in den_ thierischen Organismus eingefiihrten Bariumsalzen. 
Archiv. f. Gesam. Physiol., vol. 86, p. 576. 1885.—Hefftner, A. Ausscheidung 
k6rperfremder Substanzen im Harn, Ergeb. d. Physiol., pt. 1, p, 121. 19038.— 
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27 the rabbit weighed 1,772 grams. The temperature at 9.53 a. m. 
was 102.3° F. The barium was fed for the fifth time. At 10.27 a. m. 
there were general convulsions. The eyes teared. At 10.52 a. m. 
soft stools appeared and the animal urinated. Stools were passed at 
various periods. At 11.30 a. m. there were no signs of pain on 
pinching the ear. At 11.58 a. m. the animal retched. The animal 
was lying with the fore legs wide apart and could not support itself. 
At 12.05 p. m. the temperature was 98° F. and the rabbit died 
shortly after. 

The peritoneal cavity seemed normal. The small intestines were 
relaxed, while the mesenteric vessels were dilated. The kidneys seemed 
congested. The stomach walls were pink and in places covered with 
mucus, The heart was relaxed save the left ventricle, which seemed 
firm. 

On September 23, 1907, a second rabbit, weighing 1,360 grams, was 
fed with a similar solution and the feeding was repeated at the 
same time the first rabbit was fed. On September 27 the animal 
weighed 1,416 grams. On this day a peculiar movement of the hind 
legs on jumping appeared, apparently due to an inability to draw 
the legs completely up, and the fore legs were spread wide apart, as 
if too weak to support the animal. The temperature had also fallen. 
On September 28 the animal had apparently recovered. Weight, 
1,516 grams on October 21. 

On September 23, 1907, a third rabbit, weighing 1,804 grams, was 
fed with 50 milligrams of barium acetate. This dose was repeated 
each time the other two rabbits were fed. On September 27 it 
weighed 1,304 grams. Marked muscular twitching appeared, with 
disinclination to move. Finally there were convulsions and paralysis 
of the limbs. No stools were seen. This animal lay quiet all night, 


Binet, P. Recherches Compar. sur l’Action Physiol. des Métaux Alcalins et 
Alcalino-terreux. Rey. Méd. de la Suisse. Romande, vol. 12, pp. 535, 607. 
1892.—Cyon, M. Ueber d. toxisch. Wirkung. d. Baryt- u. Oxalsiiureyerbindun- 
gen. Archiv. f. Anat., Physiol. u. Wissens. Med., 1866, p. 196.—Mickwitz, L. 
Vergleich. Untersuch. ti. d. physiol. Wirkung d. Salze d. Alealien u. Aleal. 
Erden. Dissert., Dorpat, 1874.—Heilborn, F. Ueber Veriinderungen im Darme 
nach Vergift. mit Arsen, Chlorbarium und, Phosphor. | Dissert., Wiirzburg, 
1891.—Reincke, J. J. Ein Fall mehrfacher Vergiftung durch kobhlensiiuren 
Baryt. Viertelj. f. gerichtl. Med., n. s., vol. 28, p. 248. 1878.—Orfila, Mémoire 
sur l’Empoisonnement par les Alcalis Fixes. Journ. de Chimie Méd., 2 s., vol. 
8. p. 200. 1842.—Santi, L. Se nel Veneficio per Sali di Bario questo Metallo 
passa alla Urina? Gazz. Chem. Ital., vol. 33, pt. 2, p. 202. 1903.—Weber, 
F. R. Barium Chloride. Milwaukee Med. Journ., vol. 12, pp. 39, 60. 1904.— 
Rabuteau. De l’Innocuité des Sels de Strontium Comparée a l’Activité du 
Chlorure de Baryum. Gaz. Méd. de Paris, 3 s., vol. 24, p. 218. 1869,—The very 
early literature is considered in detail by Bary. 
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apparently unable to move, and continued on its side until 3.15 p. m. 
on September 28, when it gradually recovered, weighing 1,345 grams 
on October 24. 

On October 24, 1907, a rabbit weighing 1,346.5 grams was fed with 
a solution of 25 milligrams of crystallized barium acetate. On the 
next day the weight was 1,318 grams, and the dose was repeated. On 
October 26 it weighed 1,275.7 grams, and the dose was repeated; on 
October 30 it weighed 1,332 grams, and on October 31 its weight was 
1,375 grams. The animal died at night on November 6; weight, 1,134 
grams. The post-mortem examination, made with Dr. Meade Bolton, 
of the Bureau of Animal Industry, was negative save for the presence 
of necrotic tissue in one enlarged thyroid. 

On October 24, 1907, a rabbit weighing 1,332 grams was fed with a 
solution of 25 milligrams of crystallized barium acetate. On the 
next day the animal weighed the same, and the dose was repeated. 
On October 26 it weighed 1,289 grams, and the same amount of 
barium was given. On October 28 the weight was 1,219 grams and 
two days later 1,289 grams. 

On October 31, 1907, a rabbit weighing 723 grams was fed with a 
solution of 25 milligrams of barium acetate. This rabbit was fed in 
all nine times during a period of ten days. At the end of this time 
it weighed 779 grams and died six days later, weighing 723 grams. 
The post-mortem was negative. 

A rabbit weighing 779 grams was also fed on October 31, 1907, 
with a similar amount of barium. This dose was repeated six times 
during an interval of eight days. At the end of that time the animal 
still retained its normal weight. On November 14, 1907, it weighed 
709 grams, having lost 70 grams. Thus after daily doses of 0.1 gram 
of crystallized barium acetate no symptoms appeared until the fifth 
day, when death resulted. After the similar administration of 50 
milligrams severe symptoms developed on the same day, but the ani- 
mal recovered. After the administration of 25 milligrams on three 
successive days the animal died. In other cases of feeding 25 milli- 
grams for several successive days, some lost weight and died; others 
merely lost in weight, but recovered. 

Bary fed a rabbit weighing 0.9 kilogram a solution of 30 milligrams 
of barium chlorid on one day, on the second day 90 milligrams, and 
on the third day 30 milligrams. The only symptom noted was diar- 
rhea. The animal died on the fifth day. In other words, after feed- 
ing small doses of barium salts for several days acute symptoms sud- 
denly set in, showing a cumulative action. This cumulative action 
has been noted on man.? 


“Bary, A. Beitr. z Baryumwirkung. Dissert., Dorpat, 1888, p. 100. 
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Onsum ¢ fed a medium-sized rabbit daily with small doses of barium 
carbonate, beginning with 20 milligrams. When the total amount 
reached 0.19 grams the rabbit died. The animal before death 
showed paralysis, respiratory disturbances, and fall in temperature. 
The sensibility of the cornea diminished, but the pupils responded to 
light. The stomach walls showed ecchymoses and the blood vessels 
of the brain, the spinal cord, and the abdominal vessels were dilated. 
Emboli in the pulmonary arteries were also noted. 

In a rabbit the application of 0.66 gram of barium chlorid to a 
wound was followed in twenty minutes by convulsions, paralysis, and 
finally coma and death.? 

Of barium nitrate 0.66 gram mixed with sugar and fed to a rabbit 
caused death in less than one hour, and 0.33 gram induced death in 
another rabbit in twenty-seven hours.¢ 

Six grains (0.4 gram) of barium iodid fed in solution to a 
rabbit caused death the following day. On this day there were 
tremors of the neck and shoulders with convulsive movements of. the 
limbs. There was also grinding of the teeth. “The mucous mem- 
brane of the stomach was rose-red at the cardia, and softened.” 
Membranes of the cord and brain also were congested./ 

For rabbits weighing 1,500 to 2,000 grams the lethal dose of barium 
chlorid on subcutaneous use is stated to be 0.05 to 0.06 grams.° 

A rabbit weighing 1,106 grams was fed with a solution containing 
50 milligrams of crystallized barium acetate c. p. and 50 milligrams 
of zirconium chlorid (pure). In fifty-seven minutes the animal 
showed difficulty in moving the fore legs, developing marked 
paralysis of the same about five hours later, and died the following 
morning—that is, twenty-two hours after feeding. The heart was 
found dilated, kidneys congested, stomach walls pink and covered 
in places with mucus and partly digested blood, and cerebral dural 
vessels dilated, but no clots were seen; bladder full. 

Mixtures of 0.5 gram of calcium acetate and 50 milligrams of 
barium acetate failed to kill. Mixtures of titanium and barium were 
not tried, as no titanium salt soluble in water and of neutral reaction 
was accessible. 


@Onsum, J. Ueber d. toxisch. Wirkung. der Baryt- und Oxalsiiurever- 
bindungen. Arch. f. Path. Anat., vol. 28, p. 234. 1863. 

+ Brodie, B. C. Further Experiments and Observations on the <Action of 
Poisons on the Animal System. Philos. Trans., vol. 102, p. 218. 1812. 

¢ Tidy, C. M. On Poisoning by Nitrate of Baryta. Med. Press and Cire., vol. 
6, p. 448. 1868. 

@Glover, R. M. On the Physiological and Medicinal Properties of Bromine 
and Its Compounds. Edinb. Med. & Surg. Journ., vol. 58, p. 341. 1842. 

© Kissner, 4. Ueber Baryum Vergiftungen u. deren Einfluss auf d. Glykogen- 
gehalt der Leber. Scholten, 1896, p. 11. 

129 


62 BARIUM, A CAUSE OF THE LOCO-WEED DISEASE. 


Mittelstaedt called attention to the fact that pregnant rabbits were 
more easily affected by the barium administration than nonpregnant 
ones, and noted abortion in one case.? 

One gram of the barium carbonate killed a dog in eight hours. A 
second dog died in fifteen hours. Both of these animals vomited so 
that a portion of this must have been lost.? Barium carbonate was 
formerly employed as a rat poison.° 

Of barium chlorid 0.6 gram, fed in aqueous solution, caused death 
in a dog in forty-eight minutes if vomiting was prevented.’ 

In Tidy’s hands 2 grams of the barium nitrate caused death in a 
small terrier in three and three-fourth hours. This dog had slight 
convulsions, was almost unable to stand, and had vomiting and purg- 
ing. The reflexes were diminished. A small dog recovered only 
completely in five days after being fed 0.66 gram, while a large dog 
after being fed 1.3 grams only recovered after two days. 

In cats 0.8 gram of barium carbonate when introduced into a 
wound caused on the third day languor, slow respiration, feeble 
pulse, twitching of hind legs, dilated pupils, and death.? 


BARIUM POISONING IN MAN. 


The high toxicity of barium was called attention to by early ob- 
servers, but it was attributed by some to admixed arsenic. The 
reports of feeding experiments with barium on animals have varied 
markedly, but now care is being advised in the use of barium salts. 

Barium was introduced into medicine in the treatment of scrofula, 
but has fallen into disuse, and only recently attention has been called 
to it on account of its action on the circulatory system. Filippi 


«4 Mittelstaedt, F. Ueber chronische Bariumyergiftung. Dissert., Greifswald, 
1895, p. 19. 

> Pelletier, D. Observations sur la Strontiane. Annal. de Chimie, vol. 21, 
joy JH alr 

¢ Christison, R. Treatise on Poisons. Edinburgh, 1845, p. 579.—Crampe, 
Bewiihrte Mittel gegen Feldmiiuse. Deutsch. Landw. Presse, vol. 5, p. 530. 
1878.—Felletar, E. Fille von Intox. mit kohlensiiur. Baryum. Pest. Med.- 
Chir. Presse, vol. 28, p. 1072. 1892. 

@Husemann, T. Ein Beitrag z. Kennt. d. Barytvergiftungen. Zeits. f. pract. 
Heilk., vol. 3, p. 235. 1866. In this article Husemann has collected many 
cases of poisoning by barium in animals. 

€ Christison, R. Treatise on Poisons. Edinburgh, 1845, p. 579. 

f According to v. Jaksch, “ Sie ist bei der grossen Toxicitit der Substanz im- 
mer ernst zu stellen.” Vergiftungen, 1897, p. 79. 

Nore.—A thorough pharmacological study of some barium salt is much needed, 
and it is hoped that the writer will be able to complete this work. 

9 Filippi, E. Modificaz. del Ricambio Organice per Azione del Cloruro di 
Bario. La Sperimentale, vol. 60, p. 610. 1906; Sull’ Azione Cardiaca del Chlo- 
ruro di Bario. Archivio di Farmacol. Speriment., vol. 5, p. 122. 1906. 
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however, says, “ The effects on the heart and on the pressure are 
already the first indication of poisoning.” ‘This metal has also been 
used in the treatment of chronic diseases of the spinal cord, as mul- 
tiple sclerosis and paralysis agitans.? 

After the administration to a woman of 5 grain (0.005 gram) of 
barium chlorid three to five times a day for a few days, a total of 2} 
grains (0.135 gram), the patient developed rapid respiration, tender- 
ness over the epigastrium, nausea, constipation, cramps in the limbs, 
loss of appetite, weakness, great emaciation, dysuria, some deafness 
with tinnitus, difficulty in speaking and thinking, with vertigo.” In 
this case the eyes were glassy, the vision indistinct, and the cheeks 
flushed. Kohl after the use of small doses of the same noted sali- 
vation, swelling of the gums, and falling out of the teeth, with a 
mercurial odor to the breath. Christison¢ states: “I have known 
violent vomiting, gripes, and diarrhea produced in like manner by 
a quantity not exceeding the usual medicinal doses.” According to 
Kennedy few persons are able to bear 4 grain (0.0075 gram) of ba- 
rium chlorid.4 

In Carpenter’s case after three doses of 1.6 grains (0.070 gram) of 
barium chlorid the patient developed almost lethal symptoms.® Car- 
penter calls attention to the drowsiness which developed in this 
patient after the administration of barium, a fact which had already 
been noted by Christison.f 

A cartarrhal affection of various mucous membranes and a swell- 
ing of various glands have been noted, especially of the lymph and 
salivary glands, and in the male the testes have at times swollen’ 
The inflammation of the glands may pass on to suppuration. The 
skin becomes dry and shows a tendency to crack. Febrile attacks 
are reported after the repeated use of small doses of barium. 


@Schulz, H. Vorles. iti. Wirkung. u. Anwendung d. unorganisch. Arzneistoffe. 
Leipzig, 1907, p. 234.—Hare, H. A. Use of Barium Chloride in Heart Disease. 
Med. News, vol. 54, p. 183. 1889. 

> Ferguson, J. C. Symptoms of Poisoning from Muriate of Barytes. Dublin 
Quart. Journ. Med. Sci., vol. 1, p. 271. 1846. 

¢ Christison, R., I. ¢., p. 580. 

@ Kennedy, H. Dose of the Muriate of Barytes. Lancet, vol. 2, p. 28. 1873. 

€ Carpenter, J. S. Barium Chloride from a Clinical Standpoint. Med. News, 
vol. 59, p..93. 1891. 

f Christison, R., 1. ¢., 1845, p. 578. 

9 Schulz, H. Vorles. ii. Wirkung. u. Anwendung d. unorganisch. Arzneistoffe. 
Leipzig, 1907, p. 233.—Schwilgué, C. J. A. Traité de Mat. Méd., 3 ed., vol. 1, 
p. 441. 1818. 

Notr.—According to the files of the Office of Poisonous-Plant Investigations, 
EK. D. Smith reported in the Orange Judd Farmer, 1897, that locoed animals 
showed a swelling of various glands. As yet the writer has been unable to 
verify this reference. 
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Scheibler* has called attention to the possibility of producing 
chronic barium poisoning in man from the use of barium in the manu- 
facture of food products. 

Acute cases of poisoning in man from four or more grams of barium 

carbonate or chlorid or nitrate have been reported more or less fre- 
quently.” In the acute case of poisoning in man reported by Tira- 
boschi and Taito, no macroscopic changes were noted in the stomach 
mucosa.¢ Lopes? has reported one case of acute poisoning in man 
from less than 1 gram of barium chlorid. In this case paralysis of 
the limbs was a marked feature. Stern’ cites Perondi and Lisfranc 
to the effect that “remarkably large doses of barium chlorid can be 
borne without injury by gradually increasing the doses (dissolved 
in much water).” Lisfrane’ has suggested that the sensitiveness to 
poisoning by barium salts is greater in certain climates than in others. 

No data are as yet available as to the influence of altitude and par- 

tial starvation on the toxicity of barium salts. As is well known, 


@ Scheibler, C. Ueber d. Verwendung giftiger Stoffe, besonders d. Barytver- 
bindungen bei d. Zuckerfabrication. Chem. Zeit., vol. 11, p. 1463. 1887. 

’ Schmidt’s Jahrbiicher, vol. 192, p. 181. 1881.—Walsh, J. Report of a Case of 
Poisoning by Chloride of Barium. Laneet, vol. 1, p. 211. 1859.—Walch. Sel- 
tener Fall einer tédlich. Vergiftung d. Baryta muriatica. Zeits. f. Staatsarznk., 
vol. 30, p. 1. 1835.—Carpenter, J. S. Barium Chloride from a Clinical 
Standpoint. Med. News, vol. 59, p. 93. 1891.—Eschricht. D¢gdeligt forlébende 
Forgiftning med salpetersurt Baryt. Ugeskrift for Laeger, vol. 4, p. 241. 
1881.—Ogier and Soecquet. Empoisonnement par le Chlorure de Baryum. An- 
nal. d’Hyg. Publ., 3 s., vol. 25, p. 447. 1891.—Chevallier, A. Note sur un Cas 
d’Empoisonnement Déterminé par lAcétate de Baryte. Annal, d@’Hyg. Publ., 2s., 
vol. 39, p. 395. 1873. —Courtin, Cas d’Empoisonnement par du Chlorure de 
Baryum. Rey. d’Hyg., vol. 4, p. 653. 1882.—Poisoning by a Baryta Compound. 
Pharm. Journ., 3 S., vole 2, p. 1021. 1872.—Reichardt, E. Vergiftungsfall mit 
kohlensiurem Baryt. Arch. d. Pharm., 3 s., vol. 4, p. 426. 1874.—Lagarde, P. 
Acétate de Baryte livré sous le Nom de Sulfovinate de Soude. Union Méd., 
3 s., vol. 14, p. 537. 1872.—Baum. Zwei Fiille von fahrliissiger Todtung durch 
saltpetersiiures Baryt. Zeits. f. Medizinalbeamte, vol, 9, p. 759. 1896.—Funaro, 
A. Sul Veneficio per Sali di Bario. L’Orosi, vol. 12, p. 3897. 1894. 

¢ Tiraboschi, A., and Taito, F. Avvelenamento da Bario. Il Risveglio Medico 
d’Abruzzo e Molise, vol. 1, p. 171. 1906. 

Notre.—A criticism of this case is to be found in Bellisari, G., Su Di un Pre- 
sunto Avvelenamento da Bario. Il Risveglio Medico d’Abbruzzo e Molise, vol. 2, 
p. 15. 1907. 

4T,opes, A. Caso Curioso de Envenenamento Pelo Chloret de Bario. Medicina 
Contempt., Lisbon, vol. 4, p. 109. 1886. 

€ Stern, E. Vergiftung mit Chlorbarium. Zeits. f. Medizinalbeamte, vel. 9 
p. 383. 1896. 

Note.—The writer has always theoretically questioned the danger of poison- 
ing by loco weeds in well-fed and well-watered animals, Compare Stalker, M., 
The “Loco” Plant and Its Effect on Animals. Bur. Animal Industry, 5d Ann. 
Report (1886), p. 271. 1887. 

f Lisfrane. Lecon sur Emploi du Muriate de Baryte contre les Tumeurs 
Blanches. Gaz. Méd. de Paris, 2 s., vol. 4, p. 215. 1836. 
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almost all recorded cases of locoed animals have occurred at a high 
altitude. 

It must also be remembered that the addition of one salt to the 
solution of another may greatly increase the toxicity of the first one. 
Thus, the addition of a few milligrams of barium chlorid to a solu- 
tion of a sulphocyanate renders the latter much more poisonous." 
This may be due to the fact that the salts are more completely 
ionized. 

PATHOLOGICAL LESIONS IN EXPERIMENTAL BARIUM 
POISONING. 

The post-mortem examinations in cases of acute experimental ba- 
rium poisoning, according to Schedel,’ show punctiform or large 
hemorrhagic effusion in the fundus ventriculi® and in the large and 
small intestines, contraction of the bladder, and hemorrhage into the 
walls of the bladder and uterus. The heart is usually found relaxed 
or the left ventricle contracted in systole, while the right is relaxed. 
Only once were ecchymoses under the endocardium seen. The liver and 
kidneys showed nothing special. The urine was free from albumen 
and sugar. In a few cases the lungs showed some infiltration with 
blood. In chronic cases, according to our own investigations in rab- 
bits, there are no characteristic macroscopic lesions, a result which 
agrees with Mittelstaedt’s report.?. Nothnagel and Rossbach° claim 
that in chronic poisoning by barium the peripheral nerves are al- 
tered. The same negative results have also been reported in chronic 
poisoning in higher animals. Reynolds’ noted a layer like a blood 
clot under the cerebellum in a horse fed with barium chlorid. Fuchs? 
has called attention to the fact that the flesh of cattle poisoned with 
barium chlorid was harmless, perhaps owing to a conversion into an 
insoluble salt, a fact which may be considered in the use of locoed 
animals for food. 


@Pauli, W., and Fréhlich, A. Pharmakodynam. Studien. Sitz. Kaiserl. Acad. 
d. Wissens. z. Wien, vol. 115, III, pt. 6, p. 445. 1906. 

>’ Schedel, H. Beitr. z. Kennt. d. Wirkung des Chlorbariums. 1903, p. 15. 

¢ After subcutaneous injection of barium chlorid, Lewin, by means of the spec- 
troscope, has found barium in the stomach walls. Lewin, L. Schicksal k6rper- 
fremder chem. Stoffe im Menschen u. besonders ihre Ausscheidung. Deutsch. 
Med. Woch., vol. 32, p. 173. 1906. 

@d Mittelstaedt, F. Ueber chronische Bariumvergiftung. Dissert., Greifswald, 
1895, p. 29. 

€ Nothnagel, H., and Rossbach, M. J. Handb. d. Arzneimittel, p. 81. 1904. 

f Reynolds, M. H. A Study of Certain Cathartics. Minn. Agric. Exper. Sta., 
15th Ann. Rept. 1907. 

9 Fuchs, C.J. Vergiftungsfiille durch salzsiiuren Baryt beim Rindvieh. Thier- 
iirztl. Mittheil., vol. 5, p. 159. 1870. Fuchs suggests that further investigations 
on this point are desirable. The literature of this class of experiments is very 
scanty. See Fréhner and Knudsen, Einige Versuche tiber d. Geniessbarkeit d. 
Fleisches vergift. Thiere. Monats. f. Prakt. Thierheilk., vol. 1, p. 529. 1890. 
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TOXICITY OF VARIOUS AQUEOUS EXTRACTS OF LOCO PLANTS. 


On October 21, 1907, a rabbit weighing 1,531 grams was fed with 
an extract of 95 grams of dried Avagallus lamberti (Hugo, Colo., 
1907), with an ash content of 12.44 per cent, with a barium content 
estimated as 2.6 milligrams of BaSO, in 1 gram of ash. On the fol- 
lowing day it weighed 1,517 grams, and the same dose was again 
administered. On October 23 the weight was 1,488 grams, and the 
dose was repeated. On the next day the weight was the same and 
the dose was repeated. On October 26 the weight was 1,446 grams, 
and again the same extract was given. On October 30 the animal 
weighed 1,502.5 grams; on October 31, 1,531 grams. The animal 
received a total extract of 475 grams of the dried plant without seri- 
ous injury. This result was apparently contradictory to the earlier 
work. 

On October 21, 1907, a rabbit weighing 1,743 grams was fed with 
an extract of 47.5 grams of the same dried plant. On the next day 
its weight was 1,729 grams, and the same amount of the extract was 
fed. On October 23 the weight remained the same, and the dose was 
repeated. On October 24 the weight was 1,658 grams, and the same 
amount of extract was fed. On October 26 the animal weighed 
1,630 grams, when it was again fed with the same amount of extract. 
On October 28 the animal weighed 1,573.5 grams, but two days later 
the weight had risen to 1,644 grams. An extract of 237.5 grams had 
been administered. Here again the results appeared contradictory. 

On October 21, 1907, a rabbit weighing 1,517 grams was fed with 
an extract of 77.5 grams. On the next day it weighed 1,545 grams, 
and the dose was repeated. On October 23 the animal weighed 1,531 
grams, and the same amount of extract was given. On the following 
day it weighed 1,488 grams, and the dose was repeated. On October 
26 it weighed 1,474 grams, and again the dose was repeated. On 
October 30 the weight had risen to 1,545 grams, and on October 31 
it was 1,559 grams. This animal received in all an extract of 387.5 
grams of the dried plant. An aqueous extract of 200 grams of the 
same in one dose also failed to produce the acute symptoms. 

These feeding experiments show little of the characteristic action 
seen in the earlier experiments made with aqueous extracts either 
of the dry plant or of the fresh plant preserved with chloroform. 
In other words, the aqueous extract of the dried plant was only 
slightly poisonous, yet the plant from which the extract was made 
contained barium. 

Of this same dried loco 200 grams were then extracted with water 
and digested with pepsin and finally with pancreatin in the ther- 
mostat (37.5° C.). The extract was concentrated and fed to a rabbit 


weighing 1,616 grams. After five hours and ten minutes the animal 
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appeared weak in the fore legs and unable to support himself, and he 
died during the night. The intestines the following morning were 
found full of gas, the stomach red, the lungs seemed normal, and the 
heart was relaxed. 

A rabbit weighing 1,545 grams was fed on November 15, 1907, with 
a preparation made in a similar manner, save that the plant was not 
extracted with water before digestion. On the next day it weighed 
1,517 grams and on November 19, 1,361 grams. The following day 
the weight was 1,318 grams; on November 21, 1,233 grams, and on 
the next day 1,162 grams. The animal died during the night, and 
the autopsy was made the following morning. 

The animal was greatly emaciated and the subcutaneous fat had 
almost all disappeared. The mesenteric vessels were dilated, but 
the intestines were not dilated. The peritoneal cavity was normal. 
The kidneys were perhaps a little injected, and measured 3 cm. 
in length. The lungs were normal. The left ventricle was con- 
tracted and the rest of the heart relaxed. The liver was normal and 
the spleen apparently normal. The stomach walls were dark, owing 
to decomposition. No ulcers were seen. The suprarenals were per- 
haps a little enlarged. The examination of the brain was negative, 
and no clots were found. 

A similar digestion from 200 grams of the same dried plant was 
then ashed and the ash treated with acetic acid and freed from acid 
by evaporation on the bath. The ash which was insoluble in water 
was ground up into a fine paste and the whole was fed to a rabbit 
weighing 992 grams. This animal died in forty minutes, showing 
the characteristic symptoms seen in acute cases already described. In 
the autopsy the lungs and other organs seemed perfectly normal 
macroscopically. The stomach walls, however, were reddened and 
ecchymotic, and the mesenteric vessels were dilated. 

On January 8, 1908, a similar digestion ot the same batch was 
treated with a few drops of sulphuric acid to remove the barium, and 
the filtrate was then treated with lead carbonate to remove the sul- 
phuric acid. After careful filtering, H,S was passed into the solu- 
tion and after concentration was fed in one dose on January 9, 1908, 
toa rabbit. The following morning the rabbit had gained in weight. 
On January 14 this animal weighed 30 grams more than its initial 
weight. 

The residue of this plant after such a digestion, examined by the 
Hillebrand method, showed no weighable amount of barium, so that 
it can be seen that barium in relatively large amount was found in 
the plant itself, but not after the digestion. It must therefore have 
been the aqueous digestion which produced the characteristic symp- 
toms. The examination of this fluid for barium might, however, be 
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misleading, as the large amount of proteids would unquestionably in- 
terfere with the determination of this amount of barium, unprotected 
by other salts and silica, so that this side of the investigation was not 
pursued. Control feedings with an emulsion of one-half gram each 
of pepsin and pancreatin proved inactive. 

Of the same Aragallus lamberti 200 grams were similarly digested 
and the barium was removed with a few drops of H.SO,, the sul- 
phuric acid by PbCO, and a httle lead acetate, and the lead by H,S. 
Such an extract it was shown in the previous experiment would not 
kill. However, to this extract was added 100 miligrams of crystal- 
lized barium acetate in a solution and a precipitate formed. Never- 
theless, the liquid and the precipitate were fed on February 1, 1908, 
to a rabbit weighing 1,304 grams. On February 3 the animal weighed 
1,233 grams; on February 4, 1,176 grams; February 5, 1,120 grams; 
February 6, 1,006 grams; February 7, 1,219 grams; February 8, 1,219 
grams; February 10, 1,804 grams. 

As a control for this animal, to make sure that the loss in weight 
was not due to the acetic acid set free by the treatment with H,S, a 
similar aqueous extract of the same lot of Aragallus lamberti was pre- 
cipitated with very much more lead acetate than in the’ preceding 
cases and also with lead subacetate and then H,S. After evaporating 
to dryness this was fed on February 8, 1908, to a rabbit weighing 
1,035 grams. On February 11 it weighed 1,021 grams; on February 
13, 1,091 grams, and on February 15, 1,120 grams, showing a gain in 
weight. 

Of the dried Astragalus missouriensis (Hugo, Colo., June, 1907) 
400 grams with an ash content of 21.8 per cent and which was known 
to contain barium (8 mg. BaSO, in each 2 grams of the ash) were 
extracted with water and fed in four doses corresponding to 100 
grams each in a period of four days. On November 18, 1907, the 
first day of feeding, this rabbit weighed 1,856.7 grams. Fifteen days 
later it weighed 1,984.3 grams. 

One hundred grams of this dried plant after extraction with water 
were found to leave about 51.1 grams“ of the plant undissolved. This 
when ashed yielded 8.2 grams of ash. Two grams of this ash yielded 
5 milligrams of BaSO,. In other words, the aqueous extract of the 
plant was inactive and the barium was found practically unextracted 
in the residue of the plant. 

Evidently the barium in these dried plants had been converted into 
an insoluble form by drying or by some peculiarity of its metabolism, 
and was not extracted by water, but could be extracted by digesting 
the plants with the combined digestive ferments, pepsin and pan- 
creatin. 


4 Some was lost, being attached to the cloth used in squeezing the extract. 
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Of the same dried Astragalus missouriensis 200 grams were ex- 
tracted with water and the extract treated with lead carbonate to 
remove any possible free sulphates and after filtering this was treated 
with H,S to remove the lead. As the preceding experiment showed 
that the aqueous extract of this dried plant was harmless without 
barium, the writer decided to add barium artificially, and 100 milli- 
grams of barium phosphate,? crystallized, was added to the liquid and 
the whole fed to a rabbit weighing 2,423.9 grams. The following 
morning the rabbit was found dead. The autopsy was made by Dr. 
H. J. Washburn, of the Bureau of Animal Industry. He found that 
the suprarenals were enlarged and congested, and there were small 
areas of hepatization at the apex of each lung. There were also acute 
corrosion areas on the greater curvature of the stomach and over the 
upper portion of the duodenum. 

Of the Astragalus missouriensis used in the preceding experiments, 
200 grams were extracted thoroughly with water, and the extract cor- 
responding to 100 grams, together with 80 milligrams of barium 
phosphate pure, was fed on March 12, 1908, to a rabbit weighing 
1,261.5 grams. During this day the animal walked at times with an 
uncertain gait and the following morning it weighed 1,233 grams. It 
was then fed the rest of the solution, that is, the extract of the remain- 
ing 100 grams of the plant, but without any barium. The animal soon 
developed convulsions and died in a little over twenty-four hours 
after the original feeding. The autopsy, which was made by Dr. J. R. 
Mohler, of the Bureau of Animal Industry, showed that the mucous 
membrane of the stomach was markedly hemorrhagic and in areas 
gelatinous infiltration was very marked. In one portion of this hem- 
orrhagic area there was distinct erosion. The large intestines were 
full of gas, the lungs were normal, the heart was relaxed, and the 
lungs collapsed. The blood vessels of the kidneys were markedly 
engorged. ; 

Of the dried Astragalus nitidus (Woodland Park, Colo., October, 
1907) which was reported by the Bureau of Chemistry as containing 
no barium, 200 grams were extracted with water and fed in 100-gram 
doses for two successive days. The animal increased steadily in 
weight and fifteen days after the first feeding had gained 99.2 grams. 
This amount of the plant was also extracted with water and the resi- 
due was then digested with pepsin and pancreatin in the thermostat, 
as in the previous case, and fed in two doses corresponding to 100 
grams each. This animal increased in weight, gaining 60 grams in 
six days and 165 grams in addition after a further fifteen days. 


“This barium phosphate was determined by the Bureau of Chemistry to be 
BaHPO, and to contain traces of iron, sodium, and potassium, but it was free 
from arsenic. 
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An Astragalus mollissimus (it Carson County, Colo., December, 
1906), which was also reported by the Bureau of Chemistry as con- 
taining no barium, was extracted with water, and a dose correspond- 
ing to an extract of 200 grams of the dried plant was fed in one dose 
without any serious result. The same amount of the dried plant 
was also similarly digested with pepsin and pancreatin and fed in 
two doses, but without the production of any symptoms, the rabbit 
gaining 60 grams in four days. 

Of the Aragallus lamberti (Hugo, Colo., June, 1907), with an ash 
content of 12.44 per cent, 250 grams were ashed and the ash treated 
with acetic acid and, after evaporating off the acetic acid, was ex- 
tracted with water and the ash digested with pepsin and pancreatin. 
The aqueous extract and the digestion products of the ash were then 
fed after concentration, but without any serious effects to the animal, 
indicating that in this plant the barium is in a form insoluble in 
water and in the ashing is further changed so that it can not now 
be made soluble by digestion—an opposite result to the experiment 
in which the barium was first rendered soluble by digestion and the 
digestion products ashed, suggesting a possibility that plants might 
be found in which the barium is not extracted by digestion, at present 
a hypothesis. 

Of dried Astragalus decumbens (Ephraim, Utah, 1907), which 
was reported by the Bureau of Chemistry to contain no barium, 200 
grams also failed to produce symptoms in rabbits by our test. 

A solution containing 50 milligrams of barium acetate (crystal- 
lized) was mixed with an aqueous extract of 200 grams of the dried 
Aragallus lamberti which had proved inactive pharmacologically, 
but a precipitate formed (BaSO,?) and the extract still remained 
inactive, suggesting that the question of toxicity depended not only 
upon the presence of barium, but also whether other agents, such as 
sulphates, etc., might not be present in sufficient amount to render the 
barium insoluble; that is, pharmacologically inactive. 

This Avagallus lamberti yielded an ash content of 37.3 per cent, 
and the SO, group was estimated at 0.27 per cent of the ash, while 
a corresponding lot which was obtained two years later from the 
same area yielded an ash content of 12.44 per cent and a SO, con- 
tent of 0.24 per cent of the ash. 

It may be urged that the full lethal dose of the barium was not 
always found in the plant, yet it must be remembered that the toxic 
action was the resultant of the action of the total constituents and 
that if the barium was removed the extract was practically harmless. 

In looking back over the work the most suitable preparation for 
producing the characteristic symptoms in rabbits seems to be the 
freshly ground-up plant mixed with water and preserved in chloro- 
form, for while the dried plant might contain barium, yet the aque- 
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ous extract was often inactive, suggesting, perhaps, the presence of 
something in the fresh plant which aided the solution of the barium, 
thus accounting for the variations in toxicity of aqueous extracts 
made from plants dried under varying conditions. The nature of 
the compound in which barium exists in the plant is as yet unknown 
and has not been investigated. Jt is important to remember that not 
only must barium be found in the plant to prove poisonous, but it 
must be in such a form that it can be extracted in the gastro-intestinal 
canal, 

The amount of barium found in various species of loco plants will 
no doubt vary, and perhaps the pharmacological test on rabbits as 
the writer has used it may have to be modified for such plants, so 
that at present the wisest plan to test these plants is to determine 
their barium content and also make the physiological test, as has been 
proposed, and if the barium content runs low, say below 0.11 per 
cent of the ash, in plants yielding from 12 to 18 per cent of ash, then 
to increase the number of feedings on the rabbit. No doubt on ranges 
where a large number of loco plants are eaten, with little other food, 
plants with a very low barium content may be poisonous, but if 
large amounts of other food are fed the writer would expect few, if 
any, serious results. 

As the writer’s work has been confined to the laboratory side of the 
loco-weed investigations no feeding experiments with barium salts 
have been made by him on large animals. Such experiments should, 
of course, be made under range conditions; that is, where the water 
and food supply is deficient. 


THEORETICAL ANTIDOTE FOR LOCO-WEED POISONING. 


The fact that treatment of the loco-weed extract with a few drops 
of sulphuric acid, which will remove the barium, renders these ex- 
tracts harmless, and even apparently nutritious, would suggest the 
theoretical antidotal treatment to be with sulphates, in the form, 
perhaps, of epsom salts, but perhaps alkaline bicarbonates may be 
present in the stomach, either due to lessened acidity of the stomach 
or from drinking alkaline waters, in which case the precipitation 
of the barium by sulphates would presumably be interfered with, 
and thus the treatment be rendered ineffectual.* It is interesting to 
note that most of the remedies proposed for the successful treatment 
of locoed animals contain sulphates.? 

In Storer’s experiments on feeding rats with barium carbonate it 
was found that the barium carbonate would kill them, but if cal- 
cium carbonate was mixed with the barium the rats survived, sug- 


* Mendel, L. B., and Sicher, D. F., 1. ¢., p. 148. 
b’Mayo, N. S. Some Observations upon Loco. Kans. State Agric. Coll. Bul. 
35, p. 119. 1898. 
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gesting an antidotal action. This apparent antagonism deserves 
further study and may lead to practical results.¢ A somewhat simi- 
lar antagonism for at least a part of the action of barium has been 
claimed to exist between barium and potassium.’ However, ex- 
tracts of ashed plants, treated with acetic acid, which contained cal- 
cium and potassium, caused death in the experiments of the writer, 
but no work has yet been done by him as to the antidotal action of 
calcium carbonate on barium. Then, too, as Liideking * pointed out, 
large quantities of calcium chlorid may interfere with the precipita- 
tion of barium as a sulphate. It is well known that the presence of 
various salts influences the solubility of barium sulphate in water.? 
and the fact that barium has been found in solution in the urine in 
the presence of sulphates shows that the precipitation of barium as 
a sulphate in the body is not so simple as in test-tube experiments.° 
Again, in very dilute solutions, such as must necessarily occur at any 
one time in the stomach, the precipitate with sulphates only slowly 
forms and the barium may be absorbed before the insoluble compound 
can be formed.’ Evidently an important point to be considered 
in the antidotal treatment of locoed animals with sulphates is the 
possibility of inducing a gastritis, with its attendant loss of weight. 
It therefore seems apparent that the proper treatment at present 
is preventive—that is, removal from the plants. 

Lewin’ has suggested the possibility of acquiring some immunity 
to barium, but our experiments point against the production of any 
practical immunity. 


ACTION OF BARIUM ON DOMESTIC AND FARM ANIMALS. 


Barium in the form of barium chlorid has been recently introduced 
into veterinary therapeutics by Dieckerhoff” in the treatment of 


“Storer, F. H. Experiments on Feeding Mice with Painter’s Putty and with 
Other Mixtures of Pigments and Oils. Bul. of Bussey Institute, vol. 2, p. 274. 
1884. 

> Brunton, T. L., and Cash, J. T. Contribution to Our Knowledge of the 
Connection between Chemical Constitution, Physiological Action, and Antago- 
nism. Philos. Trans. Royal Soc. London, I, vol. 175, p. 229. 1884. 

¢ Liideking, C. Analyse d. Barytgruppe. Zeits. f. Anal. Chem., vol. 29, 
p. 556. 1890. 

@¥Fraps, G. S. Solubility of Barium Sulphate in Ferric Chloride, Aluminum 
Chloride, and Magnesium Chloride. Amer. Chem. Journ., vol. 27, p. 288. 1902. 
€ Santi has paid special attention to the solubility of barium in the body. 

f Fresenius, C. G. Man. of Qualitat. Chem. Anal. Tr. by H. L. Wells, 1904, 
p. 148, 

9 Lewin, L. Nebenwirkungen d. Arzneimittel, 2 ed., p. 489. 1893. 

h Dieckerhoff. Ueber d. Wirkung d. Chlorbaryum bei Pferden, Rindern und 
Schafen. Berliner Thieriirztl Woch., p. 265; see also pp. 3138 and 337, 1895; 
Abstract in Vet. Mag., vol. 2, p. 360. 1895. 
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constipation, but Winslow @ says that “ the doses required to produce 
catharsis in the horse are almost toxic,” and he advises against the 
intravenous use of this remedy. 

Frohner ” has carefully summarized the literature on the use of 
barium chlorid in veterinary work, and reports that its use in the 
Ziirich clinic has recently been so unsatisfactory that it is now seldom 
employed and that in the last ten years the preponderance of reports 
in the literature are unfavorable to the use of this agent in colic. 

After the administration per os, much of the barium must be 
carried off in the diarrheal stools. A number of deaths in horses 
have been attributed to the use of this agent. No doubt the presence 
of sulphates, ete., derived from the food would render the barium 
insoluble in the gastro-intestinal tract, and this would explain the 
lack of poisonous action in certain of the cases in which large doses 
of barium proved harmless. 

Husard and Biron administered daily doses of 8 grams of barium 
chlorid to one horse, and the same amount of barium carbonate to a 
second horse, for several days. A fortnight later the first horse unex- 
pectedly died, and the second a few days later. The post-mortem 
examination was negative.e A third horse fed with barium carbon- 
ate also died suddenly. Recently barium occurring in brine has 
given rise to acute poisoning in stock.? 

In a case reported by Stietenroth ° the horse died after the injec- 
tion of 0.5 gram of barium chlorid into the jugular vein. A number 
of sudden deaths in horses after the intravenous injection of 0.7 gram 
and over of barium chlorid have been collected by Fréhner./ The 
lethal dose by mouth for acute poisoning with barium chlorid in 
horses les between 8 to 12 grams, while cattle require much larger 
doses (40 grams)? to induce death. 

Dieckerhoff advises against the use of barium chlorid in the treat- 
ment of constipation in sheep. 


“Winslow, K. Vet. Materia Medica and Therapeutics, p. 152. 1901. 

+ Fréhner, E. Lehrb. d. Arzneimittellehre, p. 399. 1906. Fréhner gives a 
detailed account of these cases. 

Original note in Ehrhardt, J. Erfahrungen ii. iiltere u. neue Arzneimittel. 
Schweizer Archiy. f. Thierheilk., vol. 41, p. 44. 1899. 

© Pelletier. Observations on Strontian. Journ. Nat. Philos., vol. 1, p. 529. 
1797; original in Annales de Chimie, vol. 21, p. 127. 1797. 

4 Howard, C. D. Occurrence of Barium in the Ohio Valley Brines and Its 
Relation to Stock Poisoning. W. Va. Univ. Agric. Exper. Sta. Bul. 1038. 1906. 

© Stietenroth. Ueber Chlorbarium bei der Kolik der Pferde. Berliner Thier- 
irztl. Woch., p. 16. 1899. 

f Fréhner, E. Lehrb. d. Toxikol., 2 ed., p. 116. 1901. 

9¥rohner, E., 1. ¢c., p. 116. 

See similar reports in Veterinarian, vol. 68, p. 572, 1895, and vol. 69, p. 228, 
1896; Zeits. f. Veteriniirk., vol. 8, pp. 99 and 211, 1896; Nagler, F., Berliner 
Thieriirztl. Woch., p. 65. 1896. 
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After a dose of 6 grams of barium chlorid a 2-year-old healthy 
ram appeared perfectly well, but the following day he was depressed, 
refused to eat, staggered, and became so weak that he was unable to 
stand. The muscles of the extremities were paralyzed and the animal 
died. ‘The post-mortem examination revealed cedema of the lungs, 
shght cloudiness of the heart muscles, numerous small hemorrhagic 
spots on the mucous membrane of the small intestine, and stagnation 
of the blood in the vessels of the small and large intestines. Similar 
symptoms and lesions were found in a lamb 4 months old which was 
given per os 6.0 grams of barium chlorid dissolved in 200 grams of 
distilled water.” ¢ | 

Poisonings with barium carbonate have also been reported in 
pigs.” Domestic animals pastured in the neighborhood of barite 
deposits soon succumb,¢ and accidental cases of poisoning are reported 
in cows. Poisoning in dogs has also been reported after the subcu- 
taneous use of this agent.? Linossier says that if the barium salts 
are used for any time the salts are deposited in various organs, largely 
in the kidneys, brain, and medulla, but especially in the bones.¢ 


APPLICATION OF THE RESULTS OF THESE INVESTIGATIONS TO 
THE RANGE. 


Tt has been calculated that a medium estimate of food for cattle 
on green fodder is about 60 pounds (30 kilos) a day.’ Calculating 
this entirely in terms of Aragallus lamberti and allowing 10 per cent 
of moisture for these plants (Sayre) would make 27 kilos of dry loco 


@Dieckerhoff, W. Vet. Mag., vol. 2, p. 362. 1895. 

oKabitz, H. Ueber d. Wirkung einiger Baryumsalze beim Schwein. 
Deutsch. Thieriirztl. Woch., vol. 13, p. 317. 1905. 

¢ Parkes. Chem. Essays, vol. 2, p. 213. Quoted by Christison, R., in Treatise 
on Poisons, Edinburgh, 4 ed., p. 581, 1845.—Fuchs, C. J. Vergiftungsfille durch 
salzsiuren Baryt beim Rindvieh. Thieriiraztl. Mittheil., vol. 5, pp. 155, 154. 
1870. 

@Walk. Zur Vergift. von Hunden mit Chlorbarium. Berliner Thieriirztl. 
Woch., p. 40. 1897.—Schirmer, Chlorbariumvergift. beim Hunde. Berliner 
Thierirztl. Woch., vol. 23, p. 268. 1897. 

€ Linossier, G. De la Localisation du Baryum dans l’Organisme a la Suite de 
l’Intoxication Chronique par un Sel de Baryum. Comp. Rend. Hebd. Soe. de 
Biol., 8 s., vol. 4, p. 123. 1887. 

Nore.—Other cases of poisoning in animals may be found in Marder, Beitrag 
z. Giftwirkung des Baryum chloratum. Berliner Thieriirtzl. Woch., vol. 57, p. 
436. 1897: Absichtliche Vergift. mit Chlorbarium. Zeits. f. Veteriniirk., vol. 
GS p. 72. W897. 

f Lane, C. B. Soiling Crop Experiments. N. J. Agric. Exper. Sta. Bul. 158, p. 
18. 1902.—Woll, F. W. One Hundred American Rations for Dairy Cows. 
Univ. Wis. Agric. Exper. Sta. Bul. 38, p. 12. 1894.—N. J. State Agric. Exper. 
Sta., 20th Ann. Rept. (1899), p. 198. 1900. 
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eaten by each animal per diem. In the analysis of the writer of one 
Aragallus lamberti from Hugo, Colo., it was found to yield 12.44 per 
cent of ash, and the barium content corresponded to 2.6 milligrams 
BaSO, in each gram of the ash. This would correspond to 10.24 
grams of barium acetate (Ba(C,H,O.),-+ H.O) or 9.15 grams of 
barium chlorid (BaCl,+2H,O) per diem. This amount daily 
administered would, theoretically, readily produce chronic poisoning 
owing to the accumulation in the system, as was shown in the case of 
rabbits. 

There is, however, some question as to whether this full theoretical 
amount of loco plants is eaten on the range, and the estimate has been 
made that one-sixth of this amount only would be actually taken. 
It must be remembered, as Stalker pointed out, that locoed animals 
develop an especial taste for these plants and after a time reject other 
food, so that while the number of loco plants at first taken may be 
small, yet later, perhaps, it is greater. A part of this barium, how- 
ever, may not be taken up by the system, but may pass out undis- 
solved. No actual experiments have yet been made with cattle by 
feeding small doses of the pure salt. 

No doubt more of the pure barium salts will be required to produce 
symptoms of poisoning in animals than would be necessary in the case 
of the form of barium found in the plant, as in the loco weed the 
barium is probably better protected from precipitation than are the 
barium salts when dissolved in water alone. 


CONCLUSIONS.? 


(1) Conditions analogous to those met with in locoed animals 
occur in other portions of the world, especially Australia. 

(2) The main symptoms described in stock on the range can be 
reproduced on rabbits by feeding extracts of certain loco plants. 
Those especially referred to here under the term “ loco plants” are 
Astragalus mollissimus and Aragallus lambertt. 

(3) The production of chronic symptoms in rabbits is a crucial 
test of the pharmacological activity of these plants. 

(4) The inorganic constituents, especially barium, are responsible 
for this action, at least in the plants collected at Hugo, Colo. Per- 
haps in other portions of the country other poisonous principles may 
be found. 


“Résumé of the results of the loco-weed investigations carried on by the 
Bureau of Plant Industry was issued as Bulletin 121, part 3, Bureau of Plant 
Industry, on January 28, 1908, in the form of papers by C. Dwight Marsh and 
Albert C. Crawford, respectively, under the titles ‘“ Results of Loco-Weed In- 
vestigations in the Field” and “Laboratory Work on Loco-Weed Investigations.” 
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(5) A close analogy exists between the clinical symptoms and 
pathological findings in barium poisoning and those resulting from 
feeding extracts of certain loco plants. Small doses of barium salts 
may be administered to rabbits without apparent effect, but sud- 
denly acute symptoms set in analogous to what is reported on the 
range. 

(6) The administration of sulphates, especially epsom salts, to 
form’ insoluble barium sulphate would be the chemical antidote 
which would logically be inferred from the laboratory work, but 
of necessity this would have to be frequently administered and its 
value after histological changes in the organs have occurred remains 
to be settled. But even the treatment of acute cases of barium poi- 
soning in man is not always successful, even when sulphates com- 
bined with symptomatic treatment are employed. The conditions 
under which the sulphates fail to precipitate barium must be con- 
sidered. At present it seems best to rely on preventive measures 
rather than on antidotal treatment. 

(7) Loco plants grown on certain soils are inactive pharmaco- 
logically and contain no barium. In drying certain loco plants the 
barium apparently is rendered insoluble so that is is not extracted 
by water, but can usually be extracted by digestion with the diges- 
tive ferments. 

(8) The barium to be harmful must be in such a form as to be 
dissolved out by digestion. 

(9) In deciding whether plants are poisonous it is desirable not 
merely to test the aqueous or alcoholic extract, but also the extracts 
obtained by digesting these plants with the ferments which occur 
in the gastro-intestinal tract. 

(10) It is important that the ash of plants, especially those grown 
on uncultivated soil, as on our unirrigated plains, be examined for 
various metals, using methods similar to those by which rocks are 
now analyzed in the laboratory of the United States Geological 
Survey. 

(11) It is desirable to study various obscure chronic conditions, 
such as lathyrism, with a view to determine the inorganic constitu- 
ents of lathyrus and other families of plants. 
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LETTER OF TRANSMITTAL. 


. 


U. S. DeparTMENT or AGRICULTURE, 
Bureau or Puant Inpustry, 
OFrriIcE OF THE CHIEF, 
Washington, D. C., June 8, 1908. 

Sir: I have the honor to transmit herewith some papers on dry- 
land agriculture read at the second annual meeting of the Coopera- 
tive Experiment Association of the Great Plains Area, and to recom- 
mend their publication as a bulletin of the series of this Bureau. 

The association mentioned is an organization made up of workers 
in the Department of Agriculture and in the State agricultural ex- 
periment stations who are cooperating in the agricultural develop- 
ment of the Great Plains. This organization has proved of great 
value in coordinating the various lines of work being conducted in 
the Great Plains and in bringing the men into closer and more sym- 
pathetic association. It is believed that the papers read at its meet- 
ings will prove of value to all interested in the agricultural develop- 
ment of this region. The membership of the association is confined 
entirely to Department and experiment station men, most of whom 
are either officials or collaborators of the Department of Agriculture. 

Respectfully, 
B. T. Gatoway, 
Chief of Bureau. 
Hon. James Wison, 
Secretary of Agriculture. 
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DRY-LAND AGRICULTURE. 


PAPERS READ AT THE SECOND ANNUAL MEETING OF THE COOPERA- 
TIVE EXPERIMENT ASSOCIATION OF THE GREAT PLAINS AREA, HELD 
AT MANHATTAN, KANS., JUNE 26 AND 27, 1907. 


INTRODUCTORY STATEMENT. 


While establishing the work in dry-land agriculture in the Great 
Plains area the need was recognized of bringing the widely-scattered 
station workers in the area together for the purpose of discussing and 
conferring with each other about the various lines of cooperative 
work to be carried on at these stations. A meeting was held in 
Washington, D. C., on November 15, 1905, for the purpose of consid- 
ering the advisability of organizing an association which would bring 
into close relationship the officers of the Department of Agriculture 
and of the experiment stations who were carrying on cooperative 
work in dry-land agriculture in the Great Plains area. 

The meeting was presided over by Dr. B. T. Galloway, Chief of the 
Bureau of Plant Industry, and there were present either the presi- 
dents of the agricultural colleges or the directors of the agricultural 
experiment stations of the States lying within the area, as well as a 
number of Department men interested in the work. 

An organization was effected and the title of “ The Cooperative 
Experiment Association of the Great Plains Area” was adopted. 
The purpose of this organization, it was stated, “ shall be to encour- 
age and facilitate the coordination, systematization, and unification 
of all cooperative experimental work to be engaged in by the Bureau 
of Plant Industry and the experiment stations and substations of the 
several States included in whole or in part within the Great Plains 
area.” 

It was decided that meetings should be held at least twice each 
year—one of these to be held within the area—at which * papers shall 
be read, addresses delivered, and discussions carried on bearing di- 
rectly upon the cooperative work of the Great Plains area.” It was 
agreed that the directors and agriculturists of all States included in 
whole or in part within the Great Plains area and other members of 
the experiment stations’ staffs engaged in cooperation with the De- 
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partment of Agriculture and all officers and members of the Bureau 
of Plant Industry who are interested and actively engaged in cooper- 
ative work in this area should be considered eligible for membership. 
Officers are to be elected annually. 

The first annual meeting was held at Lincoln, Nebr., June 21-22, 
1906, at which meeting a number of very interesting papers on im- 
portant problems were read, but, owing to the fact that no arrange- 
ments had yet been made for the publication of papers by the asso- 
ciation, they were published elsewhere. 

The second annual meeting was held at Manhattan, Kans., June 
96-27, 1907, with President EK. A. Burnett in the chair. After an 
address of welcome by President E. R. Nicholls, of the Kansas Agri- 
cultural College, several papers were read and discussed. All are 
included in this bulletin, except one by Mr. T. H. Kearney, of the 
Department of Agriculture, upon “A striking example of dry-land 
arboriculture,” describing the growing of the date palm in the Sa- 
hara; a paper by Prof. J. B. Nelson, superintendent of dry-farm 
work, Montana, upon “ Dry farming in Montana;” and a paper by 
Dr. R. P. Hibbard, of the Department of Agriculture, upon “ Soil 
bacteria.” 

E. C. Cuincort, 
Agriculturist in Charge of Dry-Land 
Agriculture Investigations. 


Wasuineron, D. C., May 26, 1908. 
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THE DEVELOPMENT OF DRY-LAND FARMING. 


By E. A. Burnett, Director of the Nebraska Agricultural Experiment Station, 
Lincoln, Nebr. 


The development of agriculture in the semiarid regions of the 
Great Plains area is a question of national importance. It involves 
the settlement of a large area of fertile land, awaiting only the con- 
servation of moisture sufficient to insure the growth of crops or the 
selection of varieties which can maintain themselves under condi- 
tions which are often favorable, but sometimes extremely unfavorable, 
to crop production. The conservation of moisture in the soil by 
tillage to make up for the lack of rainfall during the growing period, 
the selection of early-maturing and of drought-resistant crops, and 
the practice of crop rotation to maintain fertility and the proper 
physical conditions of the soil seem to me the great problems which 
must be worked out in order that crop production may be extended 
into the region which has hitherto been occupied largely for grazing 
purposes. 

Moisture is the great problem. Much of this area receives sufficient 
rainfall each year to grow an abundant crop, provided all this water 
could be trapped where it falls and be used by the crop. The great 
problem is to trap the water, to absorb the rain as it falls and pre- 
vent its running off, to impound the water in the subsoil reservoir 
and reserve it for the use of the crop when it may be needed for the 
purpose. 

In this region of scant rainfall the distribution of water is particu- 
larly uncertain, a large proportion of the precipitation falling as 
local showers, which may come at opportune times over a small area, 
but leave many sections of the country—in fact, the greater part—to 
depend for the success of the crop upon water which has fallen at 
some earlier date. Unless it is possible through the conservation of 
moisture in the soil to grow certain grain crops practically without 
precipitation during a period of their growth, grain production in 
this region will necessarily be uncertain and hazardous. Not only 
is the precipitation uncertain in this region, but it often falls greatly 
in excess of the amount needed for immediate use, in the form of 
violent local storms which are so clean-cut in their outline that one 
farm may receive an excess of water while the adjoining land is left 
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dry and thirsting for rain. Grass land where closely pastured loses 
much of the rainfall by run-off and evaporation. Land which is 
plowed and cultivated to keep the surface loose furnishes ideal con- 
ditions for the absorption of rain and also furnishes the best condi- 
tion to prevent the escape of the water which has entered the soil. 

It is unnecessary for me to discuss the method of conservation of 
soil moisture before this body. We recognize the fact that soil 
moisture can be stored by cultivation sufficiently to insure a crop the 
following year where crop production would be hazardous or impos- 
sible without this previous preparation. The extent to which mois- 
ture can be stored, the extent and kind of cultivation necessary, and 
the minimum rainfall under which crop production is possible, I 
leave for others to discuss. These questions still need more accurate 
and extensive investigation. Many thousand acres of land which will 
not grow a crop every year are now being farmed by this method. 
Where rainfall is nearly sufficient to produce a crop the summer fal- 
low is not needed every alternate year. Possibly only a short period 
of tillage previous to the sowing of the crop is necessary, but it is 
essential that an abundance of moisture should be present, especially 
in the subsoil. We must not be deceived into the idea that it will 
always rain just at the right time. This is exactly the thing which 
does not happen. Enough water should be stored in the soil to make 
the crop sure. If rainfall is abundant you will still produce a crop. 
T believe the conservation of soil moisture to be the most important 
question in farming in the semiarid country. 

Summer tillage does more than to store moisture. It encourages 
the accumulation of nitrates in the soil. It puts the land in the 
proper physical condition for the growth of the crop, so that at the 
time the crop is planted all the conditions are favorable for its im- 
mediate germination and growth. 

The problem of preventing the blowing of the soil under this in- 
tensive method of cultivation is serious. The high evaporation of 
moisture from the soil in the western country is due largely to the 
high velocity of the wind. The cultivation necessary to store moisture 
and produce the perfect tilth required for the best growth of the crop 
favors both the blowing and washing of soils. Rolling lands can not 
long be cultivated under such methods without washing badly, and I 
know of no alternative but to seed these lands down to grass or keep 
them for a considerable portion of the time in sod. Fortunately, over 
most of this region alfalfa can be grown with considerable success— 
over much of it with very marked success—and, if it is possible to 
cultivate land in a rotation by which it shall be held in grass for 
three or four years in a seven or eight year rotation, much of the 
damage which would otherwise result from excessive washing and 
blowing can probably be overcome. 
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The selection of the soil will also help materially in preventing its 
loss by blowing. We have not yet reached the period when all the 
land in this western area must be cultivated. In fact, it is probable 
that only a small percentage of this land should be under plow, and 
that only gradually should we try to reclaim for the use of the grain 
farmer the country which has proven successful as cattle range. The 
hard, level lands may be used for cultivation, while the rougher and 
sandier portions of the country can be maintained as range. In this 
way we shall minimize or overcome the losses from blowing and soil 
washing. 

The planting of trees, especially for wind-breaks, should not go 
without mention in this connection, as nothing will so permanently 
check the force of the wind as the growth of timber; but the pro- 
duction of forests requires a generation. The influence of wind-breaks 
on the velocity of the wind is but local, affecting the land for only a 
short distance away from the wind-break. Agriculture on a large scale 
must depend upon some other method of preventing the loss of soil 
than by foresting this great area of land which we seek to put under 
the plow. 

The selection of varieties of crops suited to the dry region is also 
of prime importance in connection with this question. Certain prin- 
ciples should be worked out which apply to the general crops to be 
grown in this region. In this connection two important factors should 
be considered: (1) The selection of crops which can be grown and 
matured before the period of ordinary summer drought, and (2) the 
selection of those crops which can withstand a period of drought and 
continue their growth when sufficient moisture is later available. _ 

In this connection it occurs to me that throughout a large portion of 
the Great Plains area winter wheat should be looked upon as a stand- 
ard crop, and an effort should be made to determine the limits under 
which it may be successfully grown. It is true that the time when 
drought conditions will prevail can not be determined to a-certainty. 
Winter drought is a common form. While spring rains are generally 
abundant, they are sometimes lacking until late spring or early sum- 
mer. On the whole, however, I believe that winter wheat may be 
grown with little danger of winterkilling or of early spring drought 
if sufficient attention is given to tillage and the conservation of mois- 
ture previous to sowing the crop. Winter wheat possesses a decided 
advantage over the spring varieties—even over the durum wheats— 
which have been grown in Nebraska. It ripens considerably earlier 
and outyields the spring varieties. It is not greatly injured by early 
spring droughts when sown upon summer-tilled land. Under the con- 
ditions prevailing in Nebraska it has been possible to secure a good 
stand of winter wheat in the fall when lands not under summer tillage 
were too dry to germinate grain. In this connection it may be inter- 
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esting to state that light seeding—from one-half bushel to one 
bushel per acre—has yielded as well as heavier seedings. There seems 
to be little difference in the thickness of the grain at the ripening time 
between plats which had received one-half bushel of seed per acre 
and those which had received one bushel or more. This would indi- 
cate that in the ordinary heavy seeding only a portion of the grain 
ever occupies the ground, and that thick seeding at most does nothing 
more than prevent the tillering of the grain. It is presupposed in 
cases where light seeding is followed that the weeds have been killed 
so that they will not come on and occupy the ground before the grain 
has developed sufficiently to prevent their growth. The yields of 
winter wheat at the substation at North Platte in the year 1906 were 
as follows: 


Turkish Red wheat, sown at the rate of 14 bushels per acre, yielded 42.13 
bushels. 

Turkish Red wheat, sown at the rate of 1 bushel per acre, yielded 44 bushels. 

Turkish Red wheat, sown at the rate of 4 bushel per acre, yielded 42.3 bushels. 

Kharkof wheat, sown at the rate of 14 bushels per acre, yielded 45.7 bushels. 

The crop of winter wheat for 1907 at the North Platte substation 
promises to be as good as that harvested the previous year. 

The durum wheats are now commonly grown throughout western 
Nebraska, and with quite satisfactory results. The area is annually 
extending into regions where wheat has not before been produced as 
a profitable crop. I am still of the opinion, however, that winter 
wheat will be more profitable than the durum wheat under the best 
methods of tillage, and that by this process the line of winter-wheat 
production can be pushed far into the dry country. 

In the local tests of oats at the Nebraska substation, the early- 
ripening varieties have uniformly produced the largest and most sat- 
isfactory yields, later varieties being injured by drought and rust. 
Among these early and successful varieties may be mentioned the 
Kherson, the Sixty-Day, and the Texas Red. 

Our ordinary local barley has proved superior to any of the intro- 
duced varieties and furnishes a large quantity of grain for local 
consumption. 

While corn is a somewhat uncertain crop in the dry region, it is 
also one of the most adaptable to local conditions, and there is no 
question about the ability of the station worker to develop varieties 
of corn which will be suited to the localities in which they are grown. 
The question as to what extent the corn crop may prepare the land 
for a subsequent small-grain crop should be carefully studied. I am 
uncertain as to the degree of drought resistance which can be pro- 
duced in the corn plant, but cultivation will largely overcome the 
effect of drought by accumulating moisture in the soil for the use of 
the plant during the latter part of its growing period. 
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It is probable that the Kafir corns will always be more drought- 
resistant than the Indian corn and that they will be used for grain 
production in the southern portion of the Great Plains area. 

I shall hope to hear a discussion during this meeting of what can 
be accomplished in securing crops which can actually grow and 
mature with a smaller quantity of water than those crops now being 
grown in the humid regions. If it can be demonstrated that prop- 
erly selected crops can grow and mature with certainty in the dry 
region, producing a ton of dry matter, either grain or forage, with 
smaller amounts of water than our ordinary crops, this will be one 
of the most successful methods of pushing settlement into the semi- 
arid region. The durum wheats, Kafir corn, and sorghum give some 
promise along this line. I believe, however, it should be the work 
of the members of this association to determine whether these so- 
called drought-resistant crops actually grow and mature with less 
water, or whether they simply have a greater power of endurance 
under drought conditions, enabling them to withstand somewhat 
longer or more severe conditions of drought than tenderer varieties 
of crops. 

The river valleys of this area are noted for their production of 
alfalfa, perhaps the most wonderful forage crop of the region. 
Either with or without irrigation they furnish a very large amount 
of forage for the winter maintenance and the fattening of cattle and 
sheep. Alfalfa has already extended itself in a limited way to the 
drier lands of this region and has demonstrated its ability to grow 
under dry conditions when once thoroughly established. This asso- 
ciation should endeavor to determine the most extreme conditions 
under which alfalfa can be profitably grown on the high table-lands 
of the region, as I believe it easily possible to extend the area under 
alfalfa in a way which shall very greatly increase the stock-carrying 
capacity of the country. The successful introduction of alfalfa 
removes the last difficulty in the production of pork and the develop- 
ment of the dairy industry, two extremely profitable lines of farming 
which have not been much developed in this region. Alfalfa seed 
production also promises to be an industry which can be made highly 
profitable on the cheap unirrigated lands where the rainfall reaches 
from 10 to 20 inches per annum. 

The region under consideration has developed into a great stock- 
growing country. The conditions of past years have very largely 
driven the grain grower out and allowed the cattleman and sheep- 
man to remain. The stockman has remained because he has been 
able to adapt his industry to the natural conditions of the country. 
He has gathered what nature has produced. He has not, as a rule, 
expended money upon the growing of cultivated crops. His industry 
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has been reasonably sure, but it has produced only a small revenue 
per acre and has not been conducive to the general settlement of the 
country. 

Still, the fact that the grain grower has been driven from the land 
by adverse conditions, often more than once from the same region, 
is an indication to us that the settlement of the semiarid region with 
farmers who depend upon grain production should be well considered. 
Experiment stations should not be used to exploit the country and 
to bring into these regions men who can not or will not practice suc- 
cessful methods of grain growing. Intensive methods of tillage 
require a large expenditure for farm machinery and motive power in 
order to cultivate a small area of land. The average settler has not 
the means with which to secure this equipment; neither has he the 
knowledge which will enable him to put it into successful operation. 
The settlement of this region will progress much more rapidly and 
more satisfactorily if the settlers already in the country can be 
induced to practice somewhat better methods and to determine the 
success of new varieties and of new methods under farm conditions 
before an attempt is made to bring settlers into the country whose 
success is dependent upon conditions which they can not meet. 

It is a mistake to assume that the climate of this region is changing 
permanently—that the rainfall follows the plow. While it is true 
that the conservation of moisture leaves more available for the crop, 
we have had wet years and dry years, lean years and fat years, in 
this region since the records of its settlement are available. The 
cattleman profits less by the years of abundant rainfall than the 
man who is growing grain. He also suffers less during the periods 
of drought. Having invested little in labor, seed, and farm 
machinery, he risks little in times of adverse conditions. His grass 
cures upon the ground, and he winters his cattle upon the range with 
limited amounts of forage which he has stored for their protection 
during adverse weather conditions. 

But people are not content to let the cattleman occupy this region 
unmolested. The pressure for settlement from outside regions is 
continuous. The high-priced lands of the rich arable country are 
driving the poor man to the region of cheaper lands. It is the 
province of the stations in this region to determine how this settler 
who has already occupied the land may succeed, how he may protect 
himself so as not to be driven out when adverse years come upon the 
country, and how he may help to develop this country into one which 
will support a larger population and give a more certain revenue to 
its people. The high-priced land of older sections has increased the 
price of land in the Great Plains area. The cattleman can no longer 
expect to hold 20 or 25 acres of land for a steer. It must be grown 
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on a much smaller area. This means that the question of forage and 
possibly of grains for the steer’s maintenance must be studied by the 
cattleman himself or he will be driven from the country by the small 
farmer and rancher who will give more personal attention to his 
cattle, producing a small area of crops, but never forgetting that 
grass is the crop which has built up and developed the region. 

The better land will be cultivated first. Probably not over 10 or 20 
per cent of the land between the ninety-ninth and one hundred and 
fourth meridian should be under the plow. If grasses can be pro- 
duced which gvill support more live stock than heretofore, these should 
gradually be introduced. Forage crops should be grown in as large 
areas as possible for use in wintering the live stock which is now in 
the country. The losses of the ranchman from the depletion of his 
herd in winter through starvation must be overcome. Good business 
sense does not permit that a man with 100 head of cattle, weighing 
100,000 pounds in the fall, should permit these cattle to come through 
the winter with a loss of 15,000 pounds of flesh which he must regain 
by months of summer growth. If the steer must live off a smaller 
area of land it means he must reach a market weight at an earlier 
age. This means better feed, more continuous growth, and the use 
of forage instead of the open range in winter. 

The experiment station worker can aid in this matter by deter- 
mining the methods which will make crop production successful in 
this area, by determining the varieties of crops which can be produced 
with greatest certainty and at largest commercial profit, and by sug- 
gesting the evolution which must take place in the present farm 
methods in order that the settler may prosper and that homes may 
be built in the country upon a substantial basis. 
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By F. J. Atway, Chemist, Nebraska Agricultural Experiment Station, 
Lincoln, Nebr. 


The soils and crops of which I shall speak to-day are those of the 
hard spring-wheat region of Saskatchewan, particularly those of the 
experimental farm at Indian Head and of the region westward to - 
Moose Jaw, a district that has been settled, though rather sparsely, 
for some twenty years. I wish to speak of the conditions and crops 
in this district somewhat in detail, because it is, in so far as I am 
aware, the only part of the Great Plains area in which the so-called 
“dry farming” has been tried for a considerable length of time and 
in which it has been found to be an economic success. It is a mistake 
to imagine that the Great Plains region suddenly ends at the forty- 
ninth parallel. Strange as it may seem, this new country is able to 
furnish valuable data bearing on the subject that we have met to 
discuss. Indian Head has the only experimental farm in the Great 
Plains area whose records go back before the dry years of the nineties. 
While this northern farm may have advantages of temperature and 
possibly of soil not enjoyed by the greater portion of the Great Plains 
region, these advantages must be inconsiderable when compared with 
those of parts of North Dakota, and may be slight even when com- 
pared with parts of western Kansas and western Nebraska. 

Before my first visit to Saskatchewan I had visited western 
Nebraska and western Kansas looking for evidences of successful “ dry 
farming,’ and was, accordingly, somewhat familiar with the con- 
ditions of soil and vegetation of the central portion of the Great 
Plains area. 

The extreme northern part of the Great Plains region is similar in 
appearance and vegetation to the prairies and plains of Nebraska and 
Kansas. 

Very little study has been devoted to the chemical and physical 
properties of the soils of the northern portion of the Great Plains 
region, better known as the Canadian Northwest. In the few investi- 
gations that have been conducted there methods have been employed 
which are adapted to the humid climate of eastern Canada, but which 
are ill-suited to the conditions that have produced the prairies and 
plains. 
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The commonly accepted explanation of the large yields of small 
grains obtained in Saskatchewan is quite erroneous and has served 
to prevent the recognition of the value to the agricultural inter- 
ests of the semiarid portions of the United States of the large 
amount of data contained in the annual reports of the Indian Head 
experimental farm, covering a period of almost twenty years. The 
climate of the portion of the Saskatchewan with which I will deal is 
distinguished from that of the prairie portions of the United States 
chiefly by its lower winter temperature, its slightly longer summer 
days, and its low precipitation, the rainfall occasionally amounting 
to less than 5 inches during the crop season. Both American and 
English authorities have advanced or accepted in explanation of the 
large yields of grain in that region the theory that the frost penetrates 
to a great depth during the winter and that during the summer 
months this furnishes a constant supply of moisture to the growing 
grain. This theory seems to be due to a confusion of the two mean- 
ings of the term “ frost,” as though the cold which entered the soil in 
the winter time changed there to frozen water. Sir William Crookes 
in his presidential address before the British Association for the 
Advancement of Science in 1908 chose as his subject “The wheat 
problem.” In the course of his address he made the following state- 
ment: 


The fertility of the Northwest Provinces of the Dominion of Canada is due 
to an exceptional and curious circumstance. In winter the ground freezes to a 
considerable depth. Wheat is sown in the spring, generally April, when the 
frozen ground has become thawed to a depth of 5 inches. Under the hot sun of 
the short summer the grain sprouts with surprising rapidity, partly because the 
grains are supplied with water from the thawing depths. The summer is too 
short to thaw the ground thoroughly, and gate posts and other dead wood ex- 
tracted in the autumn are found still frozen at their lower ends. 


Sir William had passed through Saskatchewan the preceding sum- 
mer. Storer, in his text book on agriculture, as an illustration of 
how melting ice may serve as a useful store of moisture in certain 
situations and for certain crops, makes the following statement re- 
garding Assiniboia, which is now southern Saskatchewan: 


Even in late July some of the soil still holds the winter’s frost at a depth of 
several feet below the surface. This underground layer of frozen earth is be- 
lieved to explain the wonderful fertility of the soil, as the frost in gradually 
coming to the surface during the summer months creates a moisture which, 
meeting the warmth from above, forms a kind of natural hotbed. This moisture 
counteracts the scarcity of rain during the spring and summer and accounts for 
the grain being forced with such amazing rapidity after the late sowing. 


Up to the present time this “ frost” explanation seems to have 
passed without criticism. 
IT am convinced that the soil of the prairie and of the grain fields 


of Saskatchewan does not remain frozen throughout the summer at 
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any depth. The winter of 1903-4 was the coldest that had occurred 
in twelve years. The winter had been unusually severe, the spring 
was late, and the early part of the summer cool. During the second 
week in July, 1904, I made borings to a depth of 9 feet in the most 
exposed situations that I could find. There was no trace of frost, 
although the soil at a depth of 6 feet was distinctly chilly to the 
touch. Both above and below, it was decidedly warmer. In the first 
part of April, 1905, I made numerous borings until the auger had 
passed through the frozen soil. In the exposed gardens and fallows 
the frost had penetrated from 44 to 54 feet. On the stubble it had 
reached a depth of only 34 feet. The subsoil of the prairie was so 
dry that I could not decide how far the ground was frozen. It is 
probable that the frost is all out of the ground by the Ist of July of 
every summer, unless it be on the edges of the forest country, where 
the drifting leaves serve to prevent the thawing of the soil. 

The fertility of the soil is apparent to any one who visits the Prov- 
ince of Saskatchewan at the close of a favorable crop season. It is 
a well-recognized fact, however, that in regions where the normal 
precipitation is very small, abundant crops are produced even on very 
coarse sands in those seasons during which the rainfall is unusually 
heavy and well distributed. Evidence that the soil of southern Sas- 
katchewan is characterized by the ability to produce a high average 
yield of wheat, oats, barley, and potatoes for many years in succession 
without the application of any fertilizers or even the growing of 
leguminous crops is furnished by the annual reports of the Indian 
Head experimental farm, which has been maintained by the Cana- 
dian government since 1888. Experimental farms are maintained 
by the same government at four other places—Nappan in Nova 
Scotia, Ottawa in Ontario, Agassiz in British Columbia, and Brandon 
in Manitoba. The first three represent humid climates with a heavy 
winter precipitation, while the farms at Brandon and Indian Head 
are in the region of very light winter precipitation. The climate at 
Brandon is very similar to that at Indian Head except that the pre- 
cipitation is somewhat heavier and the summer temperature some- 
what higher. Part of the Brandon experimental farm is on the up- 
land and part in the valley of the Assiniboine River, the latter being 
subject to occasional inundations and also, probably, to more or less 
subirrigation. No distinction has been made in most of the reports 
of the farm regarding the data inadmissible in a study of the relation 
of crop yield to rainfall. 

In illustration of the above-mentioned characteristics, the yield of 
the 12 best-adapted varieties of wheat, oats, barley, potatoes, ete., 
during a period of from four to nine years that they have been under 
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trial at the five Canadian farms, where the conditions of experiments 
are similar, are given in Table I. 


TaBLE I.—Average yields of the best-adapted varieties of various crops at the 
five Canadian experimental farms. 


Averages for years 1895-1903. 
Num- a ee eee A 

beret | | For t Indiar 
Crop. varie- |Forthe| For For For indian For a HEE 
ties five Ottawa | Nappan | Brandon Head Agassiz al a 

grown.) farms.| farm. farm. farm. spear farm. ; 
Oats, bushels 6)....-..... 12 76.2 64.5 The: 88.5 94.5 67.5 | 132.8 
Barley, 2-rowed, bushels 6 45.5 45.3 45.1 46.0 56, 2 43.3 | 60.0 
Barley, 6-rowed, bushels 6 50.8 50.1 50. 6 56.0 60.5 45.9 | 64.0 
Wheat, spring, bushels - 12 34.3 28.0 36.9 35.9 42.2 34.9 63. 2 
Peas) bushels. --e-eee 12 35.7 33.6 31.9 47.3 41.5 37.5 | 57.7 
Maize, green, tons ...-... 6 19.4 Payal 18.8 19.6 14.6 22.9 Paw 
Rurcnips Aton Stes. ee eae 6 31.5 34.2 39.9 25.1 22.3 39.7 37.5 
Mangels, tons........... 6 Sule y/ 39.1 38.0 31.1 22.6 34.3 29.3 
Carrots stOnSsEe es. eres 6 22.0 30.7 22.3 14.3 12.2 31.1 | 12.6 
Sugar beets, tons....--..- | 4 24.5 28.8 Dilee 19.4 ili, 17.0 | 27.7 
Potatoes, bushels........ 12 | 377.9 | 399. 2 387.0 395. 3 433.6 371.0 20.5 


“Some of the varieties in the averages have been under trial only four years, but most 
Piomashels et os quands eee 

It will be seen that the average yield of wheat, oats, barley, and 
potatoes is higher at Indian Head than at the other four farms. 
The yields of the same crops in 1901 are given in illustration of the 
effect of an unusually favorable season at Indian Head. It is im- 
portant to note that only in the case of peas, in addition to the four 
crops mentioned, does the Indian Head farm give heavy yields. The 
other crops included in the table, as well as hay, produce more heavily 
at each of the other four farms. 

The soil of the Indian Head farm is typical of that of the greater 
portion of the spring-wheat region of Saskatchewan. The surface soil 
consists in some places of bowlder clay, and in others of a very heavy 
lacustral deposit that had formed in the bottom of a large shallow 
glacial lake. The lacustral clay was not found to exceed more than 
3 feet in depth on the Indian Head farm, while at Moose Jaw it 
exceeded 9 feet in depth in all places where samples were taken. 
The lacustral clay was everywhere underlaid by bowlder clay. (See 
Table II.) 

The chemical composition of the subsoil of the district gives every 
evidence of the aridity of the climate, the percentage of carbonates 
and soluble salts being very high. 

The amount of carbonates in the surface soils is in all cases less 
than that in the subsoil. The subsoil, judged by the content of car- 
bon dioxid, is of two distinct types, the one carrying from 7.5 to 12 
per cent and the other from 1.25 to 4 per cent. These two types of 
subsoil differ in physical as well as in chemical properties. The first 
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‘bowlder clay carries stones and bowlders, while in the second, a clay of 
lacustral origin, only an occasional small stone is found. The former 
rapidly disintegrates in contact with water, from 1 to 3 hours’ boiling 
being sufficient to reduce it to clean, single grains, as observed under 
the microscope, while the. latter when treated with water breaks up 
into small aggregations which, when rubbed with a stirring rod, be- 
come like putty, and which require from 30 to 36 hours’ boiling with 
water to completely resolve into their individual soil particles. 

The till, or bowlder clay, possesses much lighter color, both in the 
wet and in the dry condition, than the lacustral clay. The dried 
lumps of the former can be crushed between the thumb and finger, 
while those of the latter can not. As is shown by the table of me- 
chanical analyses, the till is much richer in sand and poorer in clay 
particles than the lacustral deposit; the proportion of silt in the two 
is about the same. The difference in appearance of the two types of 
soil when removed from fields in which a crop of grass or some cereal 
has just reached maturity is very marked, the till being brought to 
the surface by an augur in the form of powder, resembling wood 
ashes, while the other forms a more or less coherent mass of small 
ageregations. One of the most important and characteristic proper- 
ties in which the two types differ is the hygroscopic coefficient of the 
subsoil. The surface soil, on account of the humus it contains, pos- 
sesses a high coefficient, no matter to which type it belongs. In the 
case of the subsoils that of the till has a value between 3.9 and 6, and 
that of the lacustral clay lies between 10.3 and 14.7. A careful exami- 
nation of the samples whose coefficient lay between 5.8 and 10.8 
showed that they were mixtures of the two types. 


TapLeE Il.—Mechanical analyses of specimens of the two soil types at the 
experimental farm at Indian Head, Saskatchewan, 


Bowlder Lacustral 


Character of soil. clay. clay. 


Per cent. Per cent. 


evel. 2 tot om. ae een ain sina an satis oS oeis = atin Soeiawin oma ne dc an a aaweae sete 1, 0.0 
OF SSS in GIR Pe IS Pete a gc) ee eg ae D9 SR ee 5.2 | 0.01 
Meditinn/ Aan: O:5 tO Ulep mM. occ kaa ae docdeeeceeccees Bee 8 ie eee 5.6 | 0.01 
ihloe yoo G OO OI OG) ube = 2 ae ae Re eee ee nee eee ra 14.1 2.2 
eo FERS ATIC, Cn) Ona CRITE oo dit. See seine pa eenia ks oalnen'scace-csmes sar 12.3 6.7 
SORT HE BULL, 0-00 TO OMe Mer IRNENS 22 26s cee wa am amie areas see CS ae aie ben swiccin aan 16.2 19.0 
Retr Bile. CH Lehi beh OME Ries ates ds ee em es roe penn ce a ease see eue 19.5 22.6 
Of EGE SAUCE! sree 1 2 BS AS 8 Se ee ee eee eee 26.1 48.2 
STEN TEL cee ee et en no ee oa eee See ie xia e 3 ons Sewanee ae 100.7 98.8 


In most of the fields examined on the Indian Head experimental 
farm the surface soil seemed to consist of a mixture of the two types. 
This is probably due to a combination of three causes, viz, (1) high 
winds, which blow soil from the surface of one type over the surface 
of the other; (2) the action of the plow where the layer of the lacus- 
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tral clay is very shallow; (3) the work of burrowing animals which 
carry bowlder clay subsoil to the surface and deposit it upon the 
lacustral clay. 

I made analyses of samples of soil taken from each of the first 6 
feet of a field of 10 acres that had never been fertilized. The field 
had been in fallow in 1904, and in 1905 bore a crop of spring wheat 
yielding on an average per acre over 46 bushels. The samples were 
secured in November, 1905. The amount of nitrogen in the surface 
foot of soil was large, amounting to about one-fourth of 1 per cent. 
The percentage of potash was high, and that of phosphoric acid was 
fairly high at all depths. The percentage of calcium carbonate 
below the first foot was very high, varying from 15 to 20 per cent. 
While the chemical analysis indicates this to be a fertile soil, there is 
nothing in its chemical composition to explain the remarkable crop 
yields that have been obtained. 

There can be no doubt as to the semiaridity of the climate of south- 
ern Saskatchewan when an examination is made of the records of 
the meteorological stations which have been maintained there for 
the past twenty-three years by the Canadian government. <A station 
has been maintained on the Indian Head farm since 1890, in latitude 
50° 28’ and longitude west 103° 40’. It is 1,924 feet above sea level. 


TABLE III.—Rainfall and snowfall at Indian Head, Saskatchewan, in inches. 


| rl ay 
° i 2 = 
| 3 | 5 (BE 36 
2 Kerra 7| c = Jag | Sas 
Tear. “ aes O58 ‘— 
Pee ae sae .|21g/2\/28| 42) 2 BgslFe 
S| 3 |e : ase alee lereed aed 5 2 | Soe See 
SEER) hee ieee mL ects lecaliec) Giese). © 

S Oy 5S ee oS 5 | 5 ® 2 So | oO iS Sy Sali ts) 

5 a ar | ss A 5 5 <q n!|o|;)Aa]A Sal & |e a 

| 

SOO ee eeisee hed eee eee 0.51] 0.80} 4.48) 3.01) 2.16) 1.05] 1.37)..... | ead 152 40| Sees lk eee | 10.09 
iSO pote Sete | cece | ae .00| .97| 6.19] 3.84] 2.14] .86] .03/..... | et 4503/2 Saas eee 3.14 
TROD Re ore era || Sell a eee G0) (se) Paaey| IOS) Sa COR aC Sa Te GRO2| ee 28a | etek 10 
TUSKo ee ee Reed SO Sk BOO |s7| 45G0|)2519| 0 121 eet Ole 90|eaeee ree AT 01L| See ee aes >. 89 
AROMA E alee ae aaa Ie) |e 30 | es 30 | ers 57 ales eee | ene | er |saae 3.90) sass aes 2.87 
ASOD eee lta BIE el eee -00| 2.10} 3.95] 3.82} .60/ 1.60] . 10} 0.90) 0.90) 12.17)......|...... 10. 37 
HL SOG Seas See 0.05] 0.00) 1.75] 2.83) 4.32) 1.90] 1.39] .60} .00) 1.40) .15) 11.19|.....- eae 10.23 
1SO7 Meee 0.25} .50| .30| .00} .00| 11.20) 1.52] 1.30] .20) . 80) 1.30} .00) 13.45) 27.5) 16.20) 12.74 
1SOSMe eee 40! .30) .60! 1.05} .50! 4.14] 3.36! 4.00) 4.03) 1.85) .40) .00) 18.03! 26.0) 20.63! 9.75 
1800p ae: 40| .00] 1.00) .50) 2.15] 5.24) .40| .90) 1.15] 1.20] .30| .40]/ 9.64) 41.0) 13.74] 9.19 
TOLD) Soaneboe ‘10| 155} 145] .27| .80| .65] 1.73] 4.85] 3.81] .50| 1.00] .80| 12.21) 32.5] 15.46) 3.45 
OOM 1.50} .35| .20) 1.71) .87| 5.63] 5.82) .00] 5.10] 1.58) .00] .50| 17.76) 55.0} 23.26] 12.38 
TOU) EBLE oane .00| 1.40] 1.35] .87] 3.87) 4.96] .67) .57| .42| .00) .60| 1.30] 10.71] 53.0} 16.00) 9.78 
1O03 eee 40} .10| .35| .16] 4.08] 1.29] 4.23) 4.16] 1.26] .40) 1.10) 1.40) 15.48} 34.5) 18.93] 12.50 
1LQ0SRE eae 85] 2.25] 3.30/ .54| 1.94| 2.76] 3.81| 1.17] 1.79] .32) .38! 1.00] 11.92] 81.3) 20.05] 8.74 
TG aahoohe 25] .45| .91) .57| 3.34) 5.16) 2.47) 2.23) 5.00] .54|.....|..... CEST Bake [eaewee 12. 49 
Average .| .41| .61| .84| .61| 1.78] 4.25] 2.52] 1.72| 1.74] .73| 74] .64] 12.69]...... | 16.55) 9.54 
Lowest..... .00} .00/ .00/ .00| .00] .65] .40| .00) .10] .00/ .00} .00) 3.90) 26.0)...... 2. 87 
Highest ....| 1.50} 2.25 oe 1.75] 4 os 11. 20 B82 4. 85| 5.10} 1.85} 1.40) 1.40) 19.31 81.3 sone 13.14 


In Table III the rainfall and snowfall at Indian Head are given 
in so far as these are available. There is no record of the rainfall 
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at this station prior to 1890, and the snowfall previous to 1895 was 
not recorded. The records of the neighboring stations of Regina and 
Qu’Appelle, dating from 1885, indicate that the climate from 1885 to 
1890 was similar in character to that from 1890 to 1895. However, 
the precipitation records of these stations should not be used in seek- 
ing a relation between rainfall and crop yield at Indian Head. 
There may be enough difference in the rainfall at two different 
places 20 miles apart to account for a poor crop at one place and a 
good crop at the other. Accordingly, in the consideration of the 
crop yields at Indian Head I use only the data for the years begin- 
ning with 1890. 

Practically the whole of the precipitation from November to 
March, inclusive, is in the form of snow. It seems improbable that 
the snow which falls between the time when the ground freezes in the 
autumn and the time when it melts in the spring has much influence 
on the relative yield of spring-sown cereal crops except in so far as 
it favors germination of the seed. The snowfall is regarded in the 
table as melted snow (10 inches of snow equals 1 inch of rain). Over 
half the rain falls during the months of June and July, and over 
three-fourths between the time of seeding and that of harvest. There 
is, however, great variation from year to year in the precipitation of 
any one month, as is shown in the last two lines of the table. 

The heaviest rainfall of any crop season occurred in 1891, it being 
13.14 inches, closely followed by that of the years 1897, 1901, 1903, 
and 1905, when it was between 12 and 13 inches. The lightest rain- 
falls occurred during the crop season of 1894 (2.87 inches), 1892 (5.10 
inches), and 1900 (8.45 inches for crop season of wheat, 4.18 inches 
for that of oats, and 5.86 inches for that of barley). In 1892 and 
1894 the rainfall of the crop season was the same for all three crops. 
The yields of field crops of wheat, oats, and barley, sown on fallow 
in these dry years, were as follows: 


TasLe 1V.—Yields at Indian Head during the three dry years 1892, 1894, and 


1900. 
Rainfall 
Year. | of crop Wheat. | Oats. Barley. 
season, 
| Inches. Bu. lbs. Bu. lbs. Bu. lbs. 
RRA are tone don eeaan co eeiaeeeiss «a nenane ce Pama nee see 5.10 29 9 re 45 9 
1 gy ee ee Se a Ie a a Ie ae Ry ee See ae 2.87 16 46 26 17 16 29 


NM ea eet ada nelec nnn co's memeceee =a een vaca w cee 3.45 15 43 00.5. 30 «24 


The summers of 1894 and 1900 were characterized by high temper- 
atures with hot winds. In the summer of 1894 the temperature often 
reached 95° to 100° F. In 1900 on June 21, 22, and 23 the thermome- 
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ter registered maximum temperatures of 101.5°, 106°, and 103°. From 
Table IV it will be seen that high temperatures are not uncommon at 
Indian Head. The instances of unusually heavy precipitation in 
April have been in the form of snow, and those in October in that of 
rain. Rains of such a torrential character as to cause a considerable 
run-off from level plowed fields have been rare, those of June, 1897, 
being probably the only ones during the past seventeen years. The 
precipitation of this summer was so unusual that I quote the follow- 
ing description from the annual report of the station: 


In the season of 1897 less than 1 one-hundredth of an inch of rain fell be- 
tween the 1st of April and the 14th of June. Seeding commenced on the 16th of 
April and continued without intermission until completed. High and continuous 
winds were prevalent during the last week in April, the whole of May, and from 
the Ist to the 15th of June. On June 14 0.6 inch of rain fell; on the following 
day within nine and one-half hours 6.6 inches fell. Twenty-seven hours after 
this downpour ceased a rain began, lasting two hours, during which 0.9 inch fell, 
making 10.6 inches within five days. The greater portion of this rain flowed 
over: the land to the coulées, thence to the Qu’Appelle River. The rainfall 
amounted to 2.12 inches between June 17 and harvest, which began on August 
12 for barley, August 16 for wheat, and August 26 for oats. This amount was 
distributed as follows: June 27 (0.6 inch), July 4 (0.5 inch), 5 (0.1 inch), 7 
(0.15 inch), 8 (0.4 inch), 10 (0.2 inch), and 23 (0.17 inch). No rain fell during 


August previous to the 26th. 


In Table V are given the mean monthly temperatures for both 
North Platte and Indian Head. The differences in the winter time 
are great, but those in the summer are very much smaller. 


TABLE V.—Average mean temperature at Indian Head, Saskatchewan, and at 
North Platte, Nebr. 


‘ 


Indian North Differ- 
Month. Head. Platte. ence. 
OR oF. OTR 

JAMUAT Ye" sass ster eeoenee mae eereeeecctascae sees eee Saar e rae ame eet 4 20 16 
lilo) ERAS a ameaas seSSobSUoorsaocoeC OsbaSnoEcae bose easeecnacponaccdese ae 5 25 20 
IE ol Neen An ee Rens rs  o A 0 ee ee Sep aor Co lnbooccdaebOsoaane 17 35 18 
UN GS de ceemee reece eno meat orb ace ce ae Caen e PD OE eee crnt ork Vow apeduce 2 Je 41 49 8 
11 IER a eS SOS O Bare ER BaTen SHORE aocob saaccnonsbes 54 58 4 
ka Seis Bee een en oer ye OS et Ae ee oor Conn tae codon secre 65 68 3 
(0 Aaa eee ee ere pooscneedcaeosdad seabed saebeb er couceascEcedeeucsadas 68 74 6 
NAS ULE a, ope NG wes Sree a ater oro ORRR STE frm So a en ce on 66 71 5 
Spree mer eis cee eee ee ae eee ea oe afore RTE ao fale eae 58 62 4 
Octobers. 4615 2a aac b erent eee RE Ee ae CE ae eee eet ieee ent 42 50 8 
November 2 3225 Cosa ee ee onic aoc Seon eee eee eee eter see 22 35 13. 
1 DYECc(=5 011] OY:) ea eee ea Se RE ee ne aoe mm pn am SAGE DOntomcteas= 12 27 15 
Mear: 5th ly 2a Se ee eer tne meals ena ainia Ae Seem aciee niet oes 38 48 10 


In Table VI we have the annual maximum and minimum tempera- 
tures at Indian Head. While the minimum temperature is very low, 
the maximum temperature is generally quite high, sometimes exceed- 
ing 100° F. 
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TABLE VI.—Marimum and minimum temperatures at Indian Head, Saskatche- 
wan, from 1890 to 1906, inclusive. 


| 
Year. Maximum.) Minimum. 


Chile oF. 
95 —40 
85 —42 
98 —44 
100 —52 
100 —39 
95 —38 
96 —38 
92 —48 
—4 
106 —37 
94 —37 
90 —35 
92 —42 
92 —47 
88 —43 
99 Sos) 


In Table VII we have the mean monthly precipitation’ at Indian 
Head and at North Platte. The precipitation is similarly distrib- 
uted, but is higher at North Platte. 


TABLE VII.—Average precipitation at Indian Head, Saskatchewan, and at North 
Platte, Nebr., from 1890 to 1906, inclusive. 


Indian North 

Month. Head. | Platte. 

Inches. Inches. 
PSUS eerste ctaretate etactamrersinamasiects oa Seis <awuisice «'Soctiscin acini ceite'sin ce emesis s caceeraviasc 0. 41 47 
February . 61 42 
March.... 84 75 
April.... .61 2a, 
May.....- 1.78 2.70 
RITE ee Sn ye rn nein uiare g ciaiao. o-sisin cispeia SSia oe we BEEN wise ous sowie bets 4,25 3. 42 
ATELY MEAL See ee So Sepa en SE BE ea ee Oe See ae eee OLE?) 5 re 2.52 2.74 
LN SPRITR Repti: BORDER Bee CBSE Dee oe Bee aan ae te SE ale ee SSE ae Co rr ee at 1,72 2.42 
RICRICEEN DELS ssn eects cus c Seca s Actes cic some cis niklt aces oe Mees cine weweccccnees 1.74 1, 28 
BRO er eectrsee ae nee eee eee ae cis sions os Seo wate Poe AEM ee cece Memseca ace ncep ais aeete 13 - 98 
NOMENA DCR men emrcoremicece men ceeaeen moten dale mere seman on oceans seemed asceseics .74 .35 
IDYDEL ye ee Re Se Se a a es Bee ed a oe: 2 ee ere . 64 57 
PIES ere oe Ree lee ee ei On Aen Pe. Oe Eee nts mice m me'sins etnieass 16.55 18. 27 


The Indian Head experimental farm consists of 682 acres. In 
1882 a large farming company broke up 640 acres. From that time 
until the Canadian government took possession in 1888 the entire 
section was in crop each year. Mr. Mackay, a farmer living in the 
district since 1882, was placed in charge of it as superintendent 
and still continues in that position. In his annual report for 1889 
he stated that experience had shown that there was only one suc- 
cessful way in which crops could be raised on the prairies of western 
Canada, and that was by the use of the summer fallow for the pur- 
pose of storing moisture: 


In this portion of the territories, at least, every settler knows the importance 
of properly preparing his land. For several years after the country became 
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open for settlement everyone imagined that grain would grow, no matter how 
put in, but now the man is devoid of reason who thinks he is sure of a crop 
without any exertion on his part. It is true that we have had one year since 
1882 that required little or no preparation to give a most abundant crop, but 
too many know how little was received in the remaining years by poor cul- 
tivation. 

Our seasons point to only one way in which we can in all years expect to 
reap something. It is quite within the bounds of probability that some other 
and perhaps more successful method may be found, but at present I submit 
that fallowing the land is the best preparation to insure a crop. Fallowing 
land is not required in this country for the purpose of renovating it, as is the 
ease with worn-out lands in the east, and it is a question yet unsettled how 
much or how little the fallows should be worked, but as we have only one 
wet senson during the year, it is found beyond doubt that the land must be 
plowed the first time before this wet season is over if we expect to reap a crop 
the following year. This wet season comes during June or July, at a time 
when every farmer has little or nothing to do, and then this work should be 
done. Usually seeding is over by the 1st of May, and to have the best-results 
the land for fallow should be plowed from 5 to 7 inches deep as soon after 
this as possible. Land plowed after July is of no use whatever, unless there 
is rain in August, which very seldom comes to any great extent. <A good 
harrowing should succeed the plowing, and all weeds or volunteer grain should 
be kept down by successive cultivations, 


Almost the same statements appear in Mr. Mackay’s last annual 
report, that of 1905: : 


It is very gratifying to know that throughout the territories summer fal- 
lowing is rapidly becoming general. No matter where farming is carried on, 
the farmers realize that to be sure of a crop they must prepare a portion of 
their land the year before the crop is grown; and apart from the value of the 
stored moisture there is the inestimable advantage of keeping weeds from over- 
running the farm. The true worth of properly prepared fallows has been 
clearly demonstrated in past years in every grain-growing district of Assiniboia. 

As has been pointed out in my previous reports, early and thorough work on 
fallows is absolutely necessary to success. 


The minister of agriculture of the Province of Saskatchewan has 
recently stated in a published address that successful wheat growing 
in Saskatchewan depends upon the intelligent use of the fallow: 


If one is to attain the greatest success in the cultivation of wheat on the 
western prairie, there are at least three outstanding questions that demand in- 
telligent study and prompt action, and these are soil moisture, good seed, and 
weeds. 

Taking the average year and the average prairie, soil moisture is by far the 
most important question that should engage the active attention of the farmer. 
Because of this, bare summer fallowing is becoming, and, indeed, in many parts 
has already become, the very foundation upon which successful wheat culture 
is based and profitably carried on. True, there are many dissenters from this, 
but these are invariably from localities where the rainfall is more abundant and 
fall plowing has met with a good measure of success. 

During the past twenty-five years there has not been sufficient moisture, tak- 
ing one year with another, to grow a crop each consecutive year; hence the 

13 


SOME SOIL STUDIES IN DRY-LAND REGIONS. 27 


necessity of stopping every third or fourth year and catching up, as it were, 
with the supply of moisture that can be stored up in the soil during a season 
of bare fallowing. 

The practice of summer fallowing is usually associated in the popular mind 
with the restoration of fertility; but not so in the West. Conservation of soil 
moisture is the primary object of bare fallowing. 

The crops that have been found to regularly reach maturity and 
to be well adapted to the climate are spring wheat, oats, barley, peas, 
flax, buckwheat, native grasses, brome-grass, potatoes, and field roots. 
Red and alsike clovers do well when partially protected by snow 
during the winter. Alfalfa in field lots has not as yet, on account of 
lack of inoculation, had a thorough trial. Winter wheat has usually 
been entirely destroyed by the alternate thawing and freezing during 
April. Early varieties of Indian corn do not usually mature seed, 
but they are far enough advanced before the advent of frost to make 
good ensilage. 

The crop season at Indian Head may be considered to extend from 
the time that the soil is sufficiently thawed on the surface to permit 
of the use of drills or harrows until the grain sown in reasonable 
season is ripe. Frequently the wheat sown late is caught by frost. 
The earliest recorded date of the beginning of seeding at Indian 
Head is March 22, 1894, and the latest, with probably the exception 
of this year, May 7,1901. The present year shows a very late begin- 
ning of seeding, the bulk of the wheat crop having been sown between 
May 15 and May 31. The earliest harvest on record, namely, that 
of oats, began July 25, 1894, and the latest, that of wheat, on Sep- 
tember 4, 1891. The average date since 1889 of the beginning of 
harvest in the case of barley is August 17; of oats, August 20: and 
of wheat, August 21. The growth of cereals in Saskatchewan is not 
nearly so rapid, in comparison with that of other places, as is popu- 
larly believed. The average length of time from seeding until har- 
vest for the four grain crops is greater at Indian Head than at Bran- 
don, Ottawa, or Nappan in Nova Scotia, as shown in Table VIII. 


TasBLE VIII.—Average length of time from seeding until harvest at different 
erperimental farms in Canada, 


Location of farm. Barley. Oats. Wheat. | Peas. 

Days. Days. Days. Days. 
ie L Nai $ 22 to Eke Se ie ee ee a ee Dee tse a dee ee 98 110 27 116 
Ui TH a 60) Nee a as ees eS a Sn ee een Ses op 92 105 | 118 120 
SOUR WEE dpe tas fy tooo a naman Sp me mcwoks cas wb aca ee ne wee 97 110 | 117 | 116 
ELE an pe eee inne en tarde SS vs oh cae eak beeen eee eee 93 109 114 | 111 
{ODT Ae papodo PSE ee Se ee ee oe eae RR Ete De x 106 118 118 122 


The length of the day in the summer time is not so remarkably 
long, as is evident when it is remembered that London is farther 
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north than Indian Head. It is true that in the Peace and Slave 
river districts the night is short, but these are several hundred miles 
north of where wheat growing is as yet practiced on any considerable 
scale. 

As the greater portion of the farm at Indian Head is used either 
in experimenting with different varieties of cereals, grasses, and 
legumes or for the production of seed of the best-adapted varieties 
for government distribution throughout the western provinces, each 
erain crop is usually followed by a year of clean cultivation, to destroy 
all weeds, grasses, and especially volunteer grain. The year of clean 
cultivation, termed summer fallow, consists of deep plowing in May 
or June, followed by three or four harrowings during the summer. 
In the ensuing spring grain is drilled into the soil without prelimi- 
nary preparation. Corn and root crops are preceded by, but not fol- 
lowed by, fallow. When the soil has been cultivated long enough to 
cause it to drift during high winds, the land is seeded with brome- 
grass or western rye-grass, and after two or three years is treated like 
virgin prairie sod. When the year of fallow has been followed by 
more than two crops of grain in succession, the yield of the third and 
subsequent crops has usually been so much smaller than when the land 
has been fallowed every third year that the practice is considered 
unprofitable. In general, however, the farmers in Saskatchewan 
employ the fallow only every fourth or fifth year, and then carry it 
out so poorly that at the end of July, in 1904, very few properly 
worked fallows were to be seen in a journey of several hundred miles 
through the grain-producing country. 

In Table IX is shown the yield of wheat, oats, and barley both on 
fallow and on stubble since 1889 at Indian Head. 


TABLE IX.—Yield per acre of cereal crops at Indian Head, Saskatchewan, on fal- 
lowed land and on. stubble field. 


On fallow. On stubble. Excess due to fallowing. Rainfall 
Year. | l a Ti ae Wes of pre- 
| Wheat. Oats. | Barley.| Wheat.| Oats. | Barley.) Wheat.) Oats. | Barley.) aS Paedee 
Bush. | Bush. | Bush. | Bush. | Bush. sh. 1 Cle n Ch nGha| rct.| Inches. 
ICY acack Bie Biullgaosdacallsosssccc |eeprigeac|saacanoe leone Bf 
SOI ee 49,2 83.6 ATRAGN RS <ij- <1 lseeoaee 
kets 48 See 29, 2 42.0 (G0. || esol Macsae aa 
1QO8eas— 55 36.1 77.0 46.8 27.9 63.2 Bios 
1894... 2... 16.8 26.5 16.6 7.5 10.1 : 
Iboe Sgeeece 41.3 | 104.6 55.1 28.1 37.6 ; 
1396S eec 40.1 95.5 57.8 29. Tile ee eee ; 
1 ese 30.9 66.8 49.0 25 Saleen. aR ; 
1898...-.-- 29.1 82.7 “i506 || See eeee paeeoe sal lbeesono ce ooaso beeacccns| locos 5a09 ssbaonac 2.30 
1899.....- 32.4 75.8 46.8 28.95] eae Se era iD | Reetie rn cis oeeericics 12 8.88 
TOO! 2-5. 15.7 | 55.0 35.5 5.4 10.4 7.6 191 429 365 | 329 | 2.35 
GOI ci58 41.7 | 100.0 52.2 38.4 90. 0 49,2 8 11 5 8 | 9.16 
902552 eo- 33.4 76.0 58.2 25:5 | eeso 25.5 31 74 128 111 6. 68 
1903..2-.-:- 35.8 94.0 54.6 15.4 | 43.8 18.7 182 115 192 146 .42 
1904 Rohs 25 39.4 75.5 43.1 30.3] 62.1 36.8 30 21 17 23 1. 66 
1905. -.-.<.- 40.0 90.9 63.3 23.3 47.4 43.5 72 92 46 | 70 2.01 


In the case of several years there evidently was no wheat sown on 
stubble at the experimental farm. In general there is little differ- 
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ence between the average yield on all plats and that on the fields, the 
greater adaptability of the varieties sown as field crops compensating 
for the usual advantages enjoyed by the plat experiments, on which 
many varieties are sown that are ill adapted to the climate. You 
will notice that in all cases the high yields have been obtained from 
the fallows. The year 1905, while not giving the highest yields at 
Indian Head, was in many respects ideal, and the relation of the yield 
of wheat on stubble to that on fallow may be considered a nor- 
mal one. 

When the annual yields are compared with the precipitation of 
the corresponding crop season, it 1s to be seen that the yield of grain 
on fallow varies in general with the rainfall of the crop season, but 
shows a closer dependence upon the total available moisture, which 
I will speak of a,little later. The greatest difference between the 
yields on fallow and on stubble is to be observed in the case of those 
seasons that have been preceded by a normally dry autumn. In the 
case of the two years 1898 and 1900, in which the rainfall following 
the ripening of crops amounted to approximately 9 inches, the yields 
of the following years, 1899 and 1901, were about the same on stubble 
as on fallow. The explanation of the disappearance of the difference 
between stubble and fallow when the season had been preceded by a 
wet autumn is the following: During the summer large quantities of 
‘nitrates are formed and are stored up within reach of the plant roots, 
in the case of the fallow fields, so that crops on fallow under normal 
conditions are supplied with a large quantity of nitrates and an abun- 
dance of moisture, while those on stubble have neither such a supply 
of nitrates nor much moisture. A heavy rainfall in autumn carries 
the nitrates in the fallow fields below the reach of the plant roots 
and at the same time charges the stubble fields with moisture. thus 
putting the stubble in a condition similar to that of the fallow as re- 
gards water and nitrates. 

A very light rainfall during the months of July and August when 
the rainfall of May and June has been abundant causes a compara- 
tively light yield of straw, together with a good yield of grain, as 
shown by Table X. 


TABLE X.—Average yield of the field lots of grain at Indian Head, Saskatchewan, 
in years in which the rainfall of July and August was light, 1892 to 1902, 
inclusive, 


Rainfall of} Rainfall Yield. 
Year. April, May, from July1 — SS Se ———. 
June. to harvest. Wheat. Oats. Barley. 
Inches. | Inches. Bu. lbs. Bu. lbs. Bu. lbs. 
Ete ees oi crn ae ania Chie wen akc woes ss 4.01 | 1.98 2 7 42 16 46 32 
Rtas naiesticc Ac cesarean eee cee wonces eveaen, CMAN 2. 24 36 O66 iy ae 45 36 
BMOUeen ea ettaw cc decent see Gen eeehe te cad ed 8.90 3.29 30 35 96 27 59 31 
MUR oe oak oe ddl ap akan nana nek cleo 113 | 1.52 30 53 67 24 50 27 
11 ge Soe et a RE Se Ra ea ee 7.89 1.80 | $227 76 26 | 48 15 
Tht 1p OR A Re Sa Se ee a ee eee 9.70 | 1 


.24| 88 25 76 33 | 44 23 
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I have been unable to find any connection between the winter tem- 
peratures and the yields of the following season. 

By far the most interesting results of my investigations are those 
dealing with the amount of moisture existing in what may be called 
an available form in the grass, fallow, and stubble fields, as deter- 
mined foot by foot to a depth of 6 feet. In Table XI there is shown 
the number of tons of free water in each acre-foot of different fields 
at Indian Head and Moose Jaw. 


TABLE XI.—Available moisture in fallowed fields at Indian Head and Moose 
Jaw, Saskatchewan, compared with that in fields that have just brought a 
cereal or grass crop to maturity. The water is expressed as tons per acre-foot. 


? pair First |Second| Third |Fourth| Fifth | Sixth 

Field. Date. foot. foot. foot. foot. foot. | foot. Total. 

Tons. | Tons. | Tons. | Tons. | Tons. Tons. | Tons. 
AVE OEE) Sualys25 sl G04 SS eeisisemsce socio eeeate 127 75 97 112 84 101 596 
Avra te September 451005 eee eens een: 268} 157 167 177 170 152 | 1,091 
Excess in second year .....-...- 141 | 82 70 65 86 51 495 
Bysesce Jamie 25 sO OSE: eee see oteaiwiay le ce etalere 291 184 196 | 199 236 194 1, 800 
Biestee: |Septemberd.90beeeree css esses. 179 95 77 | 69 167 211 798 
bxecessam sallow wiesaces stemceee ay 89 119 | 130 69 17 502 
Dewars | Jil y 25 O04 aes ee ess eee. soeee 350 272 279 | 216 el ee ae 1, 261 
1D aEkeoe Septemberno m1 S052 eeee: nec os sere 270 | 158 144 | 97 183) 555 ae 734 
ExcCessin fallowsssscneccc2 2-22 80 114 135 | 119 Boy asses 527 
ese September9 9052522 2-52-22 nase ce 162 412 360 | 266 236 231 1, 667 
Gyasetet |: Septemiber:9, D905 S22 sean es - oacce ee 144 | 99 104 194 213 228 982 
Hxcessin tallowiesecasa<<co> sce 18 313 256 | 72 23 3 685 

| 


The samples were obtained by the writer in July, 1904, and in 
September, 1905, a 14-inch extension auger being used for the pur- 
pose. <A large number of samples would have been desirable, but 
the difficulty of carrying on the investigations when the drying of 
the samples had to be done at a distance of over 1,000 miles from 
the fields limited the number of determinations. That the samples 
in which the water was determined were fair specimens of the various 
fields at the different depths was confirmed by the careful examination 
on the spot of the soil from similar depths in various parts of the 
fields. The samples are the average of the foot section from two or 
more holes in the same field, the soil being weighed as soon as re- 
moved and placed in light cotton sacks of known weight and later 
dried at 100° C. Duplicates of each sample were taken. 

A whole series of samples was secured for me by Mr. Reynolds, 
accountant at the Indian Head farm, in November, 1904, just before 
the ground froze. It was hoped that these would yield valuable in- 
formation as to the distribution of moisture in the subsoil at the begin- 
ning of winter. While the samples were being brought to an air-dry 
condition at Indian Head preparatory to shipping, they were so 
tampered with that many of them were rendered of no value. Accord- 
ingly the whole series has been omitted from consideration. 

The distance to which the bare soil at the edges of the fields exerted 
an influence upon the crop was readily seen in the case of grass fields, 
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where the dark-green color and rank growth at the extreme edge 
stood in sharp contrast with the light-green color and weaker growth 
of the plants that were from 2 to 3 feet away. Through this short 
distance there was a gradual change in the appearance of the grass, 
but the plants farther in seemed to derive no benefit from the bare 
edges. In the case of each field all holes were bored at a distance of 
not less than 10 feet (usually more than 12) from the edge. Those 
from which samples for any one field were obtained were from 6 to 20 
feet apart, it being necessary in most cases to make several borings 
before reaching the desired depth, the stones of the bowlder clay 
stopping the auger.. In all the fields, while the depth to which the 
moisture from recent rains had penetrated varied somewhat, the suc- 
cession of changes in the moisture content of the soil below the third 
foot was similar in all parts of the same field. In two fields of brome- 
grass all borings were stopped by stones within 3 feet of the surface. 

Field A was seeded with western rye-grass (a native) in 1901, and 
has been cut for hay every year since, being mown about July 238, 
1904, and July 13, 1905. No plants other than those of rye-grass were 
found within a distance of 3 feet of any of the holes. The growth 
of the grass in 1904 showed that it had suffered from an insufficient 
supply of water. Between the eighteenth and sixtieth inches the 
moisture content had probably been reduced to its minimum. From 
the sixtieth to the seventy-second inch the moisture content rose 
rapidly, the soil of the first 6 inches resembling wood ashes, while that 
of the last 6 inches was moist and sticky. In 1904 the rainfall between 
June 12 and July 1 amounted to only 0.39 inch. From the latter date 
until the samples were taken it amounted to 1.45 inches, occurring 
as follows: July 1, 0.1 inch; 12, 0.22 inch; 18, 0.93 inch; 16, 0.05 inch, 
and 17, 0.15 inch. The moist condition of the surface foot indicated 
that the water from the rain of July 13 was still largely retained at 
the time of sampling. No data are available to indicate to what extent 
the moisture content of the surface foot may be reduced by rye- 
grass. In 1905, between July 15 and the time of sampling, 4.26 inches 
of rain fell. Assuming that on the latter date the soil was as dry 
as on July 25, 1904, and that the weight of an acre-foot of dry soil 
is 3,348,000 pounds, the soil moisture available for rye-grass has 
been increased by 495 tons per acre when the rainfall amounted to 
484 tons per acre. 

Field B, which is just north of A, the two being separated by a 
roadway, had produced about 10 tons per acre of carrots in 1903 and 
was in fallow in 1904. In 1905 it bore a very heavy crop of oats 
(8,280 pounds of dry matter per acre). These had been cut a few 
days previous to the sampling. The straw, which was very heavy, 
had been badly lodged. At all depths in 1904 the soil was very 
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moist, but in 1905, while the recent rain of August 30 and 31 (1.28 
inches) had moistened the soil to a depth of from 18 to 30 inches, the 
deeper portions of the subsoil resembled the subsoil of the rye-grass 
field in the preceding year. It was driest at a depth of 30 to 40 
inches, gradually becoming moister from the fortieth to the sixtieth 
inch, and rapidly from the sixtieth to the seventy-second. As the 
recent rain had raised the moisture content of the first 2 feet, an allow- 
ance should be made in estimating the lowest limit of soil moisture 
permitting of the growth of oats. This may be safely placed at 18 
per cent for the first foot. A pot experiment in which barley was 
grown in this surface soil showed that the plants wilted when the 
water content of the soil fell to 18 per cent. There was a difference 
of 502 tons of water per acre to a depth of 6 feet between the two 
dates of sampling, equivalent to 4.5 inches of rain. This probably 
represents the approximate storage capacity for water of this type 
of soil in the case of an oat crop. 

Field C, which was about 300 yards south of A, had been in fallow 
in 1898, in wheat in 1899, in barley in 1900, in oats in 1901, in 
wheat in 1902, and in barley in 1903. It bore a crop of oats at the 
time of sampling in 1904. The crop, which at the time was in head, 
was very short in the straw and somewhat yellow in color, this field 
being selected for sampling because it showed the effects of the 
drought more than any other field bearing a cereal crop on the farm. 
The soil appeared about equally moist at all depths below the surface 
foot in 1904, while in the following year the moisture was lowest at 
a depth of from 30 to 42 inches, increasing gradually from the forty- 
second to the sixtieth inch and seeming uniform between the sixtieth 
and the seventy-second inch. The crop of wheat, which was in 
shock at the time of sampling in 1905, yielded, as determined later, 
18 bushels and 24 pounds of grain and 1,056 pounds of straw to 
the acre. 

Field D, which lay adjoining C on the south, had been alternately 
in wheat and in fallow since 1898, being in fallow in 1904 and in 
wheat in 1905. At the time of sampling in the latter year the crop 
was in shock. The soil was moist at all depths in 1904 and to a 
depth of about 2 feet in 1905. In the latter year, from the twenty- 
sixth to the forty-second inch it was very dry but became gradually 
moister from the latter depth to the sixtieth inch, the sixth foot 
seeming very uniform in moisture. The straw, which had not 
lodged, had been cut to leave a stubble from 8 to 10 inches long. The 
moisture in the upper 3 feet had evidently not been reduced to its 
minimum. As the soil of the field to this depth was in origin and 
character similar to that of field F, while the latter had not received 
so much rain during the later portion of the growing season, field F is 
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to be considered as better representing the lower Lmit of moisture 
for this type of soil. The soils from fields D and F to the depth of 
3 feet are very similar in appearance and texture and have practically 
the same hygroscopic coefficient, viz, 13.0. Field D contained on 
July 25, 1904, within the first 5 feet of soil, 527 tons of water more 
than on September 5, 1905. The yield of this field for 1905 was 32 
bushels and 46 pounds of grain and 3,724 pounds of straw. 

Field E, 150 yards northwest of B, had been in fallow in 1904. At 
the time of sampling in 1905 the crop of wheat was in shock. It had 
lodged badly and the stubble had been left 10 to 12 inches long. The 
yield of grain was 15 bushels per acre and of straw 6,000 pounds per 
acre. The soil was moist to a depth of 18 inches on a very low ridge 
that traversed the field from north to south and to a depth of 24 to 
36 inches at the foot of the ridge. At depths below the third foot 
no difference was observed between the moisture of the soil on the 
ridge and that in the depression. It was very dry to a depth of 42 
inches, becoming gradually moister to the sixtieth inch, and seeming 
uniform throughout the sixth foot. 

F and G were adjoining fields on the same farm, 1 mile south of 
Moose Jaw. These fields were selected because they promised to give 
the extremes of moisture, one being an unusually clean summer fal- 
low and the other bearing a very heavy crop of wheat, which was in 
shock at the time. The soil was typical of a large plain of lacustral 
origin, the soil of which is very uniform over a great area, the under- 
lying bowlder clay being exposed only in ravines. The uniform char- 
acter of the soil is well illustrated by the hygroscopic coefficient of 
the twelve samples. These all lie between 11.4 and 11.8 for the 
third, fourth, fifth, and sixth foot sections, and a little higher for 
the first and second foot sections. The rainfall of 1904 at the Moose 
Jaw Meteorological Station, 1 mile distant, was 7.67 inches, and 
that of 1905 up to the time of sampling 13.03 inches. - The precipi- 
tation of the latter year between July 30 and September 9 was only 
0.78 inch, distributed as follows: August 1, 0.01 inch; 2, 0.28 inch; 3, 
0.18 inch; 15, 0.01 inch; 26, 0.11 inch, and 28, 0.19 inch. With such 
a small rainfall during the last month of its growth it is probable 
that the heavy crop on field F, estimated at about 6,000 pounds per 
acre, had nearly exhausted the surface foot of available moisture 
before the light showers of August 26 and 28 fell. The fallow field 
G within the first 5 feet contained 682 tons per acre of free water 
(equal to 6 inches of rain) more than the adjoining field that had 
produced a crop. The wheat roots had not drawn as heavily upon 
the fourth and fifth feet as upon those above, nor had the season’s 
‘ainfall been sufficiently conserved to raise to near its maximum limit 
the moisture content of the soil below the third foot in the case of the 
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fallow field. It should be noted, however, that the season of 1905 
with an exceptionally well-distributed rainfall had not been favor- 
able for the reduction of the soil moisture to its minimum, and that, 
further, the previous year had not had a sufficiently heavy rainfall to 
raise the moisture content of the first 4 feet to its maximum, even if 
surface evaporation had been entirely prevented. In the case of the 
fallow field about half the rainfall for the season had been stored, 
chiefly below the first foot. This amount of water would be sufficient 
to produce 20 bushels of wheat per acre if no surface evaporation 
took place and the ratio of grain to straw were 1 to 1.5. The writer 
determined the ratio of grain to straw (dried at 100° C. in each case) 
on field F, as well as on an adjoining field of wheat that had also pro- 
duced wheat in 1904. The ratio of the grain to the straw was 1 to 
1.35 on field F and 1 to 1.31 on the stubble field. The stubble, which 
was about 8 inches long on the latter and 12 inches on the stubble 
field, was about half as heavy as on field F. The whole crop on this 
farm consisted of 200 acres on fallow and 200 acres on stubble. The 
yield of the different fields was not determined, but that from the 
400 acres was 12,000 bushels of wheat. The crop on fallow was very 
uniform, as was also that on stubble. The yields may be considered 
as 40 and 20 bushels per acre, respectively. 

The calculation of the amounts of “available water” given in 
Table IX was based on the following asumptions: 

(1) That the-weight of an acre-foot of ground is 3,348,000 pounds. 

(2) That the samples secured were representative of the different 
fields. 

(3) That the available moisture is the difference between the total 
moisture content, as determined by drying at 100° C., and the maxi- 
mum amount of hygroscopic water that is taken up by a soil when 
exposed to a saturated atmosphere. The latter, expressed as the 
hygroscopic coefficient (the amount of moisture held by 100 grams of 
dry soil, calculated as dried at 100° C.), was determined by Hilgard’s 
method. 

The first two assumptions may safely be considered as approxi- 
mately correct; a difference of 10 to 15 tons of water per acre- 
foot may well be attributed to the lack of accuracy in the methods 
and in the assumptions. Differences of 50 to 100 tons of water per 
acre-foot can not justly be so explained. In the case of nearly all 
moisture determinations hitherto published the hygroscopic coef- 
ficient of the soil has not been determined, thus tendering the results 
of little value. Only the difference between the total water and the 
hygroscopic water (in a saturated atmosphere) is, even under the 
most favorable circumstances, available for plant growth. The 
hygroscopic water in air-dry soil is not a constant, as it depends both 
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upon the temperature and upon the humidity of the atmosphere with 
which it is in contact. The hygroscopic coefficient, on the other hand, 
is, according to Hilgard, a constant for a definite temperature, vary- 
ing only by small fractions for temperatures between 7° and 23° C. 
{t is also a critical point in relation to plant growth. Pfeffer states 
that “ plants slowly die if the leaves are freely exposed while the 
roots and soil are kept in saturated air.” If the leaves as well as the 
roots and soil are kept in a saturated atmosphere the plants live but 
make no growth. As all growth ceases and, except under the unusual 
circumstance of the air ieee saturated it water vapor, plants 
begin to die as soon as the point is-reached at which the soil contains 
only its maximum amount of hygroscopic water, there is no possi- 
bility of any hygroscopic water being used for the growth of the 
plants. Very few data are available showing how near to the hygro- 
scopic moisture the water content of a soil may be reduced by growing 
plants. Only under very favorable atmospheric conan an a 
plant continue its normal development after the water content is re- 
duced to near the hygroscopic coefficient. | 

As illustrations of how little value determinations of the total 
water content of soils usually have when the hygroscopic coefficient 
is not determined, the data in Tables XII to XVIII are presented : 


TABLE XII.—Amount of total moisture in different fields expressed as percentage 
: of dry soil. 


FieldA.. | FieldB. | Field C. Field D. Fiela | Fiela | Field 


Depth. |;., [nee eer E. PF. G. 
*  \July 25, Sept. 4, July 25,| Sept.5, July 25, Sept. 5,| July 25, Se pt. 5, Sept. 5, | Sept. 9, |Sept. 9, 


| 1904. | 1905. 1904. 1905. | 1904. | 1905. 1904. 1905. 1905. 1905. 1905. 


| Per ct.| Per ct.| Per ct.| Per ct. | Per ct. | Per ct. | Per ct. | Per ct. | Per ct. | Per ct. | Per ct. 
First foot -. 19.0 | 25.9] 29.4 22.4) 20.0 28.8 34.4 28.9 26.4 22. 2 23.6 


Second foot 14.8] 20.3) 14.9 16.7 22.4 19.8 29.7 22.0 14.8 18.6 36.8 
Third foot . 13.9 | 20.9 16.4 LBP he aA lat 10.9 29.5 20.9 15.4 18.0 33.2 
Fourth foot SNGi lee sls 17.4 9.6] 16.1 i bya | 20.3 11.3 13.2 23.5 27.7 
Fifth foot.. 12505) tbo) e218 14.4) 15.1 18.4 15.2 16.4 15. 6 24.4 26.0 
Sixth foot a ae 13.6 19.6 17.8 15.9 19.0 19.2 19.2 21.8 25.0 25.2 
- Average . 14.8 1SADi} SSeS 15.0 18.5 19.0 24.7 19:9 17.9 21.9 | 28.7 


a wel 
TABLE XIII.—Relations of total moisture in first 6 feet of soil to the treatment 
the field had received. 


| 
Field. | Date. Water. | Treatment of the field. 


| | 
ls | Pe> cent | 
Gisecc.c eptember 9, 1905..... 28.7 | Fallow 1905; wheat 1904; wheat or oats 1903. 
int ae TS UY EE aes 24.7 | Fallow 1904; alternately in wheat and fallow since 1898. 
ae i September 9, 1905..... 21.9 | Wheat 1905; fallow 1904; wheat or oats 1903 and 1902. 
icenes % I JU 20 1904) sScc cs. 19.9 | Fallow 1904; carrots 1903; fallow 1902. 
oe September 5, 1905..... 19.9 | Wheat 1905; alternately in wheat and fallow since 1898. 
See secslsoes GU epee oop ren 19.0 | Wheat 1905; oats 1904; barley 1903; wheat 1902; oats 1901; 
barley 1900; wheat 1899; fallow 1898. 
, bee | July 26, 1904.....-..5-- 18.5 | Oats 1904; see above. 
ie aati | September 4, 1905. .... 18.5 | Rye-grass since 1901; cut for hay July 13, 1905; very little 
| growth after mowing. 
Lee September 5, 1905..... 17.9 | Wheat 1905; fallow 1904. 
eness=|aeun< OOicucoca so. r 2 15.0 | Oats 1905; fallow 1904; carrots 1903; fallow 1902. 
Basen _ July By LOOK tues ost 14.8 Rye-grass since 1901; cut for hay July 23, 1904. 
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TaBLE XIV.—Field notes on condition of soil at time of sampling. 


Field A. 


Field B. 


Field C. 
Depth. Ip =—= a 
July 25,1904. | Sept. 4, 1905. | July 25,1904. Sept. 5, 1905. | July 25, 1904. | Sept. 5, 1905. 
Mirstioot....-.. 2. | Moist....... Very moist.| Very moist., Moist ....-.. Dryc sie 2 =e. Very moist. 
Second foot...-.-. DEY = cmsante IMOISte eee Very moist.| Moist,adry®) Moist......-. Moist. 
Third foot..-.--- Powder..... Moist=24-2- Moist=- s-- => Powder....- Moist ..-..--2 Powder. 
Fourth foot....-.. | Powder..... MOISE S202. -- Moist. .----- | Powder..... Moist ..--.-- Powder,a 
moist. 
HitghetOOteesasese | rowder,a | Moist.....-.- MOIsteeaesee Moist 2.2% Moista-22=2 Moist. 
very dry.0 | 
SLX thm OOtneesee ae Powder, | Moist ...-.-.-.- IMOISbases2e WIMOISbmasee ee MOIRtSe = oose | Very moist. 
moist.? | 
Field D. 
Depth i Field BE, ‘ Field F, Field G, 
: July 25, 1904. Sept. 5, 1905. Sept. 5, 1905. | Sept. 9, 1905. | Sept. 9, 1905. 
Hirst, [ootss-- esa. Very moist ..... Moist <2 23222306- Very moist-- =|) Moist<2.-.-5.. Moist. 
Second foot....--- Very moist..... Moist -ces+- ooce IMOistee-ceeees DYYicec<seeeee Very moist. 
Nhindstoobs: =-- = Very moist..... Dryasescceecees Rowder sess" Dryseers. eee Very moist. 
Fourth foot.....-- MOG ees aSeose Powder: 2: esses Powder ....-- Moist... 22.2-.2 Moist. 
Eitthifoot.=------: WHOS icessnseseor IMOiSh 2 eee eee MOIS so: s=eiee MOISte=-e- eee | Moist. 
SEXth tOOU secea-28 Moistas-seesctse Very moist..... Moist®ccenssee Moist. -5-.---- | Moist. 
a Above. b Below. 
TABLE XV.—Hygroscopic coefficient of different samples. 
Field A. Field B. | Field C. Field D. Field | Field | Field 
Depth. | E aes iB G, 
pm. | July 25, Sept. 4, | July 25,| Sept. 5, | July 25,| Sept. 5, | July 25,| Sept. 5, | Sept. 5, | Sept. 9, | Sept. 9, 
1904. 1905. 1904. 1905. | 1904. 1905. 1904. 1905. 1905. 1905, 1905. 
First foot..| 11.4] 9.9] 120] 11.7] 12.7] 10.9] 13.5] (12.8 9.5| 13.6 13.9 
Second foot) 10.3) 10.9 3.9 11.0 13.2 9.7 13.5 13.1 6.9 aA A 12.2 
Third foot -| Bs LOLS 4.7 4.6) 138.5 Ae) 129s elas 5.8 11.8 | 11.7 
Fourth foot, 6.9 4.7 5.5 | 4.5 | 4.6 5.4 7.4 5.5 5.5 11.9 11.8 
Fifth foot. . 7.0 4.9 7.6 4.4 | 4,2 | 5.5 | 6.6 |, 5.5 | S5Gr i Sez 11.9 
Sixth foot - 8.9 4.5 8.0 5.2 | 5.9 | 4.4 6.6 6.6 10.0 11.4 11.4 
Average -| 8.8 7.6 7.0 6 | 9.0 6.8 10.1 9.3 (he? 12.2 12h 


TABLE XVI.—Amount of free moisture in different fields, expressed 


of dry soil. 


as percentage 


Field A. Field B. Field C. Field D. Field | Field Field 
Depth 7 aan Cs = = =|) gael G, 
peak July 25, Sept. 4, July 25, Sept. 5, July 25,| Sept. 5, |July 25,|Sept.5,| Sept.5, Sept.9, Sept. 9, 
1904. 1905. 1904, 1905. 1904. 1905. 1904. 1905. 1905. | 1905. 1905. 
First foot -- 7.6 16.0 17.4 10.7 Teo WS) 20.9 16.1 16.9 8.6 | 9.7 
Second foot 4.5 | 9.4 11.0 5.7 952 10.1 16.2 | 9.6 | 7.9 5.9 24.6 
Third oot . 5.8 10.0 Bie 4.6 | 8.1 6.1 16.6 | 8.6 | 9.6 6.2 21.5 
Fourth foot 6.7 10.7 11.9 BIA Ry lors ee PAG) 5.8 | 7.4 11.6 15.9 
Fifth foot. . 50 el Or 14.2 10.0 ORO) et259, 8:6} 40:9 10.0 ABST i 14.1 
Sixth foot -) 6.5 | 9.1 11.6 12.6 10.0 14.6 12.6 1246 3| ees 13.6 | 13.8 
Average., 6.0| 10.9| 13.0 8.0." 9:b) a 785"" WEG e bre aise 9.8) 16.6 
| | 
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Taste XVII.—Relation of free moisture in first 6 feet of soil to the treatment 
the field had received, 


Field. Date. | Water. Treatment of field. 
| Per cent. 
(Caer September 9,1905 ..... 16.6 | Fallow 1905; wheat 1904; wheat or oats 1903. 
Dene a Abo sa Ct ee oe 14.6 | Fallow 1904; alternately in wheat and fallow since 1898. 
Biotesek laser: GOpReses sockee aes 13.0 | Fallow 1904; carrots 1903; fallow 1902. 
(U) Aer September 5, 1905 ..... 12.2 | Wheat 1905; oats 1904; barley 1903; wheat 1902; oats 1901; 
barley 1900; wheat 1899; fallow 1898. 
PAY ese .s | September 4,1905....- 10.9 | Rye-grass since 1901; cut for hay July 13, 1905. 
Diss o8 | September 5,1905..... 10.6 | Wheat 1905; alternately in wheat and fallow since 1898. 
1c ks Sh GO eee eset aoe 10.6 | Wheat 1905; fallow 1904. 
1 eae September 9,1905..... 9.8 | Wheat 1905; fallow 1904; wheat or oats 1903 and 1902. 
(0) Seem. Sly 25 1904 oe. sees 9.5 | Oats 1904; barley 1903; wheat 1902; oats 1901; barley 1900; 
| wheat 1899; fallow 1898. 

Bites September 5, 1905 ..... 8.0 | Oats 1905; fallow 1904; carrots 1903; fallow 1902. 
Aes Foes | July 25,1904.--.- 2-2. 6.0 | Rye-grass since 1901; mown July 23, 1904. 


TasBLE XVIII.—Amount of water in different fields that is probably available 
for the support of normal plant growth expressed as percentage of dry soil, 


Field A. | Field B. Field C. KieldD: | wield! | Wield! |) wield 
Depth | eal Pe PR 

Wee July 25, Sept. 4, July 25, leant 4, aie 25, pa 5,| July 25,| Sept. 5,; Sept.5,| Sept. 9,) Se pt. 9, 

| 1904. | 1905. 1904. 1905. | 1904. | 1905. 1904. 1905. I 1905. | 1905. | 1905. 

Per ct. | Per ct. | Per ct. | Per ct. | Per | | Per ct. | Per ct. | Per ct. | ‘Per Cts | Per. ct. | Per ct. 
First foot. - as 10.0 11.4 Aaa 13} 11.9 14.9 10.1 10.9 2.6 | ae | 
Second foot .0 3.4 6.5 .0 | oe 4.1 10. 2 3.6 | 3.8 a) 18.6 
Third foot. 1B 4.0 ees pu lid P| 1.6 10.6 2.6 5s BY 1a.5 
Fourth foot C58 fe Se 7.4 | 0 7.0 7.2 8.5 1.3 | 29 5.6 | 9:9 
Fifth foot. . 5 5.7 | 9.7 5.5 6.4 7.4 4.1 6.4 Bib 6.7 8.1 
Sixth foot. 2.0 6.4 tds | 8.1 5.5 10.1 | 8.1 8.1 dae 7.6 7.8 
Average . 1. 6.0 8.2 3 4,2 7.0 4 5.3 | 5.8 3.8 10.6 


In Table XII the total moisture content is given. The average 
percentage of total moisture in the first 6 feet of field F, which had 
produced a very heavy crop of straw and grain with a total rainfall 
of 13 inches, of which less than 0.8 inch had fallen during the last 
five weeks of its growth, was 21.9, while that in the fallow field B 
(1904), which had had two years in which to store moisture, was only 
19.9. From the determination of total moisture shown, it would 
appear that field F, with its 21.9 per cent of water, was in better con- 
dition for seeding than field B, with its 19.9 per cent. In reality, 
however, field B was in excellent condition, while field F was practi- 
cally exhausted of all moisture that could be used by a growing cereal. 
In Table XIII the fields are arranged in the order of their average 
moisture content, so as to show what relation this bears to their pre- 
vious treatment. The sample of the sixth foot section from field D 
in 1904 was lost before the moisture was determined. To make results 
comparable, I have assumed in the tables that the moisture was the 
same as at the same depth in the same field in 1905. The stubble field 
D (1905) had the same percentage of total moisture as the fallow field 
B (1904) on the same farm. The field C, which had been continu- 
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ously cropped with cereals since 1899, had almost as much water— 
19 per cent in 1905 and 18.5 per cent in 1904—as the fallow field B 
(1904). Yet fields B, C, and D were on the same farm and B is 
only a few hundred yards from C and D. 

That the actual determination of total moisture gives less idea of 
the moisture conditions of different fields than a day laborer with a 
6-foot auger could obtain is evident from Table XIV, which gives 
my field notes on the condition of the soil at the time the samples were 
secured. The terms “ moist” and “very moist ” need no comment. 
The samples adhering to the auger, but not moist, are called simply 
“dry.” Those samples designated as “ powder” resembled wood 
ashes and barely held to the auger when the latter was carefully 
removed from the bore. Those that formed “ very dry powder ” did 
not adhere to the auger and were removed only with great difficulty. 

Table XV gives the hygroscopic coefficient of all the samples and 
Table XVI the free moisture of all. Table XVII shows the relation 
of the average free moisture of the first 6 feet to the treatment that 
the different fields had received. From this it is apparent that the 
percentage of free water in the fallows compared with that in stubble 
fields explains the difference in yield. The very low percentage of 
moisture in the rye-grass field is due to the practically complete ex- 
haustion of available moisture from the fifth foot and the upper half 
of the sixth foot. The roots of the rye-grass reached to the middle of 
the sixth foot, while those of the wheat and oats grown on fallows 
evidently ended at depths between 4 and 5 feet. In Table XVI field 
C occupies an anomalous position, showing a higher average per cent 
of free moisture on September 5, 1905, than on July 25, 1904. Evi- 
dently crops on stubble under normal climatic conditions are not able 
to draw as much water, from the lower 3 feet as those on fallows. 

While the use of the hygroscopic coefficient in calculating the 
amount of free water enables us to form an idea of the difference in 
the amounts of available water held by different soils, it does not 
indicate the amount that is available in such ‘form that the plant can 
continue a normal growth. It is probable that the water in the second 
to the fifth foot of the rye-grass field A (1904) and that in the second 
to the fourth foot of the oat field B in 1905, or in the first 3 feet of 
the wheat field F in 1905, would not have supported a growth of the 
cereals. It is probable that the normal growth ceases when the per- 
centage of free moisture falls to from 4 to 8 per cent, according to the 
soil. Barley plants were grown for 6 weeks in a glass cylinder 10 
inches deep filled with surface soil from Indian Head. At the end of 
this time water was withheld. When the barley plant died the soil at 
all depths below 2 inches contained 18 to 19 per cent of water. The 
hygroscopic coefficient was 12. Assuming that the minimum for soils 
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of low hygroscopic coefficient is 4.5 per cent and for those of high 
hygroscopic coefficient is 6 per cent, Table XVIII has been prepared 
to show the amount of water available for normal growth. This is 
merely to suggest the desirability of trying to arrive at the minimum 
to which the moisture in a given soil may be reduced without impair- 
ing the health of the plant. It may differ much for different plants 
and at different stages in the growth of the same plant. As Hilgard 
and Loughridge have shown, it certainly differs much for different 
soils. 

On the basis of the above determinations it seems safe to estimate 
that in the case of bowlder-clay soils as much as 500 tons of available 
water may be stored, while in clay soils of lacustral origin the amount 
may be much more. In neither case is the surface foot included, as 
the latter is lable to lose a large part of its water through surface 
evaporation at a time when the plants are too small to draw heavily 
upon its moisture. Further, the storage capacity of the soil below 
the reach of the roots of the plants in question is not included. 

The soil of the Indian Head farm is much more pervious to water 
and has a smaller water capacity than the Moose Jaw soil. It will 
accordingly become saturated and allow water to pass into the soil 
below the fifth or sixth foot more readily than the latter. This would 
explain why as heavy crops have been obtained at Indian Head after 
corn, potatoes, and field roots as on fallow, these crops not using the 
whole of the ordinary seasonal rainfall and they being sown on soil 
fully stored with water. In view of the ordinary rainfall, the meth- 
ods of cultivation, the system of cropping, and the nature of the sub- 
soil, the large crop yields obtained at the experimental farm are to 
be considered as those from fields that were supplied with not only 
the rainfall ofthe crop season, but also with a large part of that of 
the preceding season. The stored water is much more valuable than 
an equal amount of rain falling during the crop season, not only be- 
cause it contains a large part of the nitrates formed during the pre- 
ceding summer and because it increases the supply of potash and 
phosphoric acid by enabling the roots to penetrate more deeply, but 
also because it is largely secure from surface evaporation. 

The total available water of the crop season in the case of crops on 
fallow fields, to which, as I have mentioned, the yield of total dry 
matter of the crops at Indian Head has been roughly proportional, I 
calculated by adding 5 inches to the rainfall of the crop season. 

Professor Shutt, of the Canadian experimental farm, has well 
shown the failure of experiments which take into consideration only 
the first 16 inches of soil to account for the extremely favorable influ- 
ence of the fallow year. He determined the amount of water in two 
fields on the Indian Head experimental farm once a month from 
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the beginning of the season to the end. His results are given in 
Table XIX. 


Taste XIX.—Difference in the moisture content of cropped and of fallowed soil 
at Indian Head in 1900, to a depth of 16 inches, 


: Water in Field § A (in fal- | Water in field S B (in crop | water per | EX- 
| a low 1900, in crop 1899). 1900, in fallow 1899). acre iS. & cess 
irom 1 to 8 inches. | 8to16 inches. | 1 to 8 inches. | 8to 16inches iseenes water 
Date of first of | ose j aut’ sie i ia pat a 
sampling. season ‘ ; field 
to date| Per ers a eer Per Field | Field|  j; 
Sarat cent of oe cent of ees cent of nen cent of ae a fal-| in fal- 
lection,| Moist moist moist moist ow, | Crop, | ] 
coon! “soil. |2°7C-| soil, |8C7C-| soil. |9Te-| “soil. | °F) 1900: | 1900. | 1900" 
Inches. Tons. | Tons. | Tons. 
WIEN? Gloaceaponoac 0.27 | 22.03 | 264) 21.32] 277] 25.87] 386) 25.55 | 325] 541 711 | —170 
UE Sees 1.35 | 28.52] 288] 17.81) 220) 26.76] 341 | 26.68 | 344) 508 685 | —177 
Uwe eeoreacac 8.20 | 24.39 | 302] 22.388] 293] 23.62] 289) 18.35) 213] 595] 502 93 
August 8)---..--- 5.64 | 24.78 | 808 | 19.28 | 242] 25.05] 312] 19.07) 223] 550 535 15 
September8..... 8.47 | 24.16] 298] 21.65 280} 21.28 | 252] 20.50 | 244] 578 496 82 
OetoberSaeese-se 12.28 | 25.26 | 316] 22.39] 293] 27.60} 356) 22.07 | 268) 609 624 15 
November 8..... 12.38 | 25.79 | 325] 22.83] 300] 26.14] 330] 23.35) 288] 625) 618 7 


The one field, S A, had been in crop in 1899 and was fallowed in 
1900, while the other field, S B, had been in fallow in 1899 and bore a 
cereal crop in 1900. The kind of cereal is not stated in the publica- 
tion referred to, but the dates of seeding, April 30, and of harvest, 
August 14, are given. The only crop having these dates was a 5-acre 
field of oats, which had been badly injured by wind, but produced 
3,843 pounds of dry matter per acre. The seasons of 1899 and 1900 
were in many respects unusually favorable for the experiments. The 
latter part of 1899 had been very dry, as may be seen from Table III, 
while from the opening of spring in 1900 until August 2 only 3.45 
inches of rain fell, this being the driest crop season on record at In- 
dian Head, with the exception of that of 1894. Wheat harvest began 
on August 2 and oat harvest on August 3. The moisture content in 
fields of cereals had probably been reduced to a very low point at 
the end of the summer of 1899, while the rainfall of May and June 
had furnished the fallow with a good supply of water. April and 
May of 1900 were very dry. The weather was unusually unfavorable 
for crops on stubble, as shown by Table VII. The full benefit of the 
fallow was shown in 1900. Nevertheless, the greatest difference shown 
by the samples taken to a depth of 16 inches was only 215 tons of 
water per acre, equivalent to less than 2 inches of rainfall. Heavy 
rains on August 2 (0.73 inch) and 6 (1.4 inches), with a shower (0.05 
inch) on the 7th, raised the moisture content before the samples were 
taken on August 8. Similarly, the taking of samples in July had been 
preceded by rain, 0.01 inch on July 4, 0.95 inch on the 5th, and 0.42 
inch on the 6th. Dry weather had prevailed before the samples were 
taken in May, June, and September. The crop of oats gave 3,848 
pounds of dry matter per acre. This would have required 960 tons of 
water (equal to 8.5 inches of rain). It is very uncertain how much 
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the rain of August 6 to 12 (2.25 inches) had affected the crop yield. 
A field of 2.5 acres of oats, which ripened on August 3, yielded 4,688 
pounds of dry matter per acre. It also had been injured by winds. 
There were only 3.45 inches of rainfall available for the crop, the 
rain on the day before harvest not being counted. The water required 
for the crop, however, was 1,172 tons per acre (equal to 10 inches of 
rain). A 9-acre field of oats, protected from the winds by trees, 
which ripened on August 10, yielded 6,273 pounds of dry matter per 
acre, requiring 1,568 tons of water per acre (equal to 13.7 inches of 
rain). The dry matter of all the fields of wheat ripening from 
August 2 to 9 averaged 3,333 pounds per acre. <A field of wheat, ripe 
on August 2, yielded 3,510 pounds of dry matter per acre, requiring 
8.75 inches of rain, whereas the actual rainfall of the season was only 
3.45 inches, and the decrease in moisture of 16 inches of soil amounted 
to only 167 tons per acre (equal to 1.5 inches of rain). This would 
leave 3.8 inches of rain unaccounted for, even assuming that the sur- 
face evaporation was as low as that in the experiments of King. The 
souls of fields S A and S B, judging from the moisture content when 
they were driest, were not very dissimilar to those of F and G (de- 
scribed previously), at least to a depth of 16 inches. The season of 
1905 at Moose Jaw was similar to that of 1899 at Indian Head, being 
such as to produce the maximum difference at the time of harvest be- 
tween fallow fields and fields in grain. Further, as the water content 
of a soil changes little during a cold, rainless winter, the moisture 
should have changed but little between September, 1899, and May, 
1900. The difference between fields S A and S B to a depth of 16 
inches on May 8 was 170 tons per acre, and on June 8, 177 tons per 
acre, while that between fields F and G, to a depth of 18 inches, on 
September 9, 1905, was about 175 tons of free water per acre. The 
latter fields, however, showed a further difference of 508 tons of free 
water per acre between the eighteenth and sixtieth inches, at the latter 
depth both being equally moist. It appears probable that if the 
moisture content of field S A, determined to a depth of 6 feet on 
November 8, 1900, had been compared with that of the same field on 
May 8, or with that of field S B on August 8, the difference would 
have been much larger even than that which I found at Indian Head 
in the case of the same fields in different years and of adjacent fields 
in the same year. 

The results of my investigations in Saskatchewan and my conclu- 
sions drawn from these investigations may be briefly stated. Most 
of the generalizations and conclusions, I believe, will apply to dry 
farming in western Nebraska and western Kansas where deep and re- 
tentive soils are considered. The soil in Saskatchewan does not at any 
depth remain frozen throughout the summer. The moisture stored in 
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the subsoil during the previous summer, and not the frost of the 
preceding winter, is the cause of the high yields of cereals. These 
high yields have in general been obtained from fields that were dur- 
ing the previous season in summer fallow or in cultivated crops, such 
as corn and potatoes. The roots of cereal and grass crops penetrate 
the subsoil to a depth of from 5 to 6 feet, even in seasons of unusually 
heavy and. well-distributed rainfall. The total yield of dry matter 
of wheat, oats, and barley varies as the rainfall of the crop season, 
but shows a still closer relation to the total available moisture of the 
crop season. In the case of wheat the yield of grain from fallowed 
fields is largely independent of the rainfall of July and August, pro- 
vided the rainfall of May and June has been abundant. Investige- 
tions of the fertility of the soils in which only the first 16 to 36 inches 
are considered do not furnish sufficient data upon which to base 
generalizations; in all such investigations the composition of the soil 
to a depth of 5 or 6 feet should be considered. The relative fertility 
of different areas seems to depend upon the nature of the subsoil 
rather than upon that of the surface soil, the latter in general being 
rich enough to produce very heavy crops when the moisture condi- 
tions are favorable. 

Determinations of moisture, when these are not accompanied by 
determinations of the hygroscopic coefficient, are of comparatively 
little value in most cases. In semiarid regions roots go to the stored 
water, and the latter does not need to be elevated to the surface foot 
of soil. Comparatively little water is lost by direct evaporation from 
the subsoil below the first 12 inches. It is folly to begin dry-land 
demonstration experiments without having previously secured 6, or 
preferably 10, feet of good soil. In dry-land experiments tillage 
operations should be governed by actual determinations of the mois- 
ture conditions of the subsoil. The depth to which the determina- 
tions should be made depends upon the limit of the root penetration 
of the crop. After some experience the mere examination of the sub- 
soil by hand and eye will give a fair idea of the moisture conditions. 
Accordingly, I expect to see all progressive dry-land farmers sooner 
or later provide themselves with an additional set of tools, namely, 
three soil augers, ranging in length from 3 to 9 feet. 
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By E. G. MontcoMery, Agronomist, Nebraska Agricultural Experiment Station, 
Lincoln, Nebr. 


It is very difficult to secure reliable statistics in regard to the cost 
of crop production even when the most careful data are kept. This 
is due to the great variability in climatic conditions over which we 
have no control that increase or decrease the crop more or less in spite 
of our efforts. By referring to Table IV, giving the average cost of 
producing corn on the farm of the Standard Cattle Company for a 
period of eleven years, it will be noted that the cost varied from 11 
to 29 cents per bushel. This great variation in cost was probably not 
due to either better or poorer methods of cultivation, but mainly to 
climatic conditions. As we go farther west in Nebraska we find still 
greater variation inthe cost of production. Corn has been produced 
as low as 7 or 8 cents a bushel in the West, and sometimes has cost 
30 or 40 cents. Western farmers years ago began to discover that 
there seemed to be little correlation between the crop yields and the 
amount of labor they put on the crops. They sometimes procured 
very large crops with almost no labor, and at other times everything 
was a complete failure no matter how carefully tended. This un- 
certainty of a sure return for labor is always disastrous to any class 
of people, and in time they are apt to depend more upon Providence 
than upon their own efforts for a living. 

Let us investigate a little the conditions in western Nebraska which 
have brought about this uncertainty and examine briefly the type of 
farming that has developed as a result. By examining Table I, 
which gives the average rainfall for a period of thirty years, you will 
notice first a great fluctuation in the precipitation. 


TasLte I.—Average rainfall in different sections of Nebraska, 1876-1906. 


. 
| 


: South- aie North- 
Year. reste West. west. 

Inches. | Inches. Inches. 
ieee teeta cise iets Uie'e mania cara nisi ie lars aialsia Sitearta note cn acece an ccln cs «a> <>< wins 9. 89 10. 69 | 16. 25 
Lit Cee SM Aa AAR Se Se ea 2S SRR ae eS ee ee ee 19. 38 20.11 12. 46 
Py (ete RR ee tata She lel oleic e elole Resmi siete cio ieiel via he aoa wicreie! o\eiale eine esi stote aia = hatte ole 25. d4 13. 76 28. 92 
LCi a pene ere Y A ps oe See oS oe ee ete ae Uttam eee elatatecees 27.03 24.05 16. 32 
MECN) ratterates Skim wale mnie asec aps on/2 he Sean Ree Oneal Sain an ae ew aie cies See on 21.07 17. 64 13.18 
UENO Sed 8 EE SSC CCR EIGA Get InD SCC DOC UCR TOC OAC OA ao ae CT ee ae 35, 48 22. 93 18.15 
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TABLE I.—Average rainfall in different sections of Nebraska, 1876-1906—Cont'd. 


| 

5 South- : North- 

Year. | west. West. | west. 

Inches. Inches. | Inches. 
OS De raatajuro See eee eles bea nnioasisisiesisfone bis o SoS oe oe HOSS OS O ERS SE SER eee | 25. 94 17.95 17.54 
BSB eae o ok Sia sisrotetatca nid ORR SE Gis Grae ieee oe occ a aida tratew wisios wate e ateeeeEe ee OL; 17. 30.01 | 24. 36 
ABS ee rapes cee ae oe eee as Sater Cea als ae eee eee 26. 94 13. 53 13. 81 
USSO Sass se ceed tomes ces toes a tee ca Ja xpeioe ta die de acme wes Sateen een wane | 33. 28 22.03 18. 81 
Teo ral Sieseih eaten eee’ Aches ea ete tear Pe me ee ip ie a nS A ae See a ede 30. 43 16. 84 | 14.43 
ay eee es ae ere ae ee Se Ree ee en eee ea eS ere 24. 60 18. 98 21. 64 
LESS SRC e Sa Som cose Ore ee en Ned I nr a ee 21 U7; 13. 80 20.31 
1 Baha? epee ee reentry arate pan SE ae ae LS ee I oe SR oe ee Ry pe i anh 28.11 16. 46 18.75 
PSO bre esac oma Steere ie Pe Se eine Se ea ene ee oS ee ee aia 18. 43 12.00 15.81 
BO ane de Areas Soe COR Oe ee Oe ore Cee SS Ee See Ee oaEees 33. 32 23:10 24.73 
ROD Wet sstes Sas St Se ae oe Oe Oe ee ene Ste ene ee ere naan conser 22. 43 19,72 27.89 
SOS rae Sots ace So atapeteretcta ce cig ee is ade Se Sele ee ae ne an sae eae 15. 67 10.28 14.38 
hot: ee Sees Set ee eee ee et ea ary ts ae dS tee eee eee? oe ee 10. 33 | 11.30 12. 54 
1b oO See Cen eee Seer CHEE Ee aaa aoe Sareea OCE COE OAD ann ban mar een eeene 20. 14 11.18 15. 28 
PSO creases oars terct ciate erarae ote See oie ee ELST ne Ee Ee es Se ee ete nae 24.35 17.31 19. 48 
1 IS Steet eens eae oe RE Bie Nl eS PAE Ae cee ae eae 24.94 19. 52 19.10 
BOB aS 5 Aus toa Se Septo eae Seas re Torre eae re oe ere Bae EE EE ee ae ee 22. 23 16. 65 15. 57 
1 RS RS Sele eae ti PRP A re id ele Oe ee oe eS he as oe kee eS 16.76 | 13. 42 16, 25 
OOOH. Be 28 ot 2s ye Soe: Sy ea ts ee ame ae eee eS ee Se et eee 18.56 | 14.90 19. 61 
310) bps eters een Omen ye ahs ae ee eel ae ee ee ee Nee Semel SNe oes Mee RAE aed Sad 20. 34 16.70 | 22.53 
A Oa eee ORO ts tae AE AS Ce yay eee a ete ee Dk oe Soe 28.05 21.27 19.17 
OO BY Raseerase ote ie Sheeare tos et tea nS TENS ee here ee ee 25. 50 14. 36 19. 88 
et eee ee eee ite See ee tas A raat OT A re en ae Rae a a eee 22.89 15.92 18.19 
dG See pee rae ale eae Reed ate A A eee on a ea eer kee = Ua oe 33. 30 24,81 25.52 
MOOG Gaceie Be eer Ub bate ND Abe oor eS il ee ae eee 23,51 | 23. 81 23.48 
Mieatn. 22 .ad chien mae Goo Se ee ee eae eee ee eae ee 23.73 17.60 18. 85 


Upon two occasions the whole southwestern section has had 10 
inches or less of rainfall, while it has also had over 33 inches four dif- 
ferent years out of the last thirty. In the western section they have 
had only 10 to 14 inches of rainfall eight years out of thirty, while 
they have had as high as 30 inches one year and 22 or more seven years 
cut of the thirty. The figures for the northwestern section are simi- 
lar. There is much evidence to indicate that with about 22 inches of 
‘ainfall they are reasonably sure of a crop with almost any kind of 
farming in the western portion of the State. On that basis the south- 
western section of the State would raise a crop about half of the time, 
while the western section would raise a crop seven years out of thirty, 
or about one crop in four years. 

Perhaps a better idea of the variability of rainfall may be obtained 
by examining particular points, as it is not always fair to take the 
average rainfall for a large region in the West. Rainfall is very apt 
to be local, especially in western Kansas and Nebraska. This is 
brought out in Table II, where we have tabulated the rainfall for 
three different localities in western Nebraska—Culbertson in the 
southwestern part, Sidney and Kimball in the western part, and Fort 
Robinson in the northwestern part. . 
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TABLE II.—Rainfall at three points in western Nebraska, 1884 to 1905. 


Culbert- Sidneyand Fort Rob- 


Year. son. Kimball. inson. 
| Inches. Inches. Inches. 
[ESSEL 5 Re Pe eae Me PD orth oe A er a eee ae ces scoot eae 3.9 
EROS 2 eps pt Oe | BO ee ae ee ene eee Sei ce aioe tesa ot eon aia|baxeeueaeeee 19.0 
Pas Merete eerste RS SN et ae hes Uo ate oe ee ME Ease efile niece ccthee aan 11.0 
LS Te een ea ele a eee ie otal onal mre ee Sale aeons Seem eccrine oe sc cclece% 17.4 25.2 
PSPS eit aye na ae aise cao oe siclw cla nia eran te elo Seloere mae Sele aii einai -c/ieie eel | cla moo ae aces 10.9 17.5 
NOS Smee ee en. Foe ee tA oa Bonen Ri oe Caco tate sep ocee coats 20.6 14.6 13.9 
en) im eye tee hs ccd Sine tk haste kiste SEL Coe tne eae one ctemie geese cons 13.9 | pi 11.7 
EN et ares cia a cco hoicine eS ecione Doane o seine eae cams ee cates 30. 6 18.4 18.7 
SU ee ees ee SOS orc icion & Sra ee Oe be Sewanee Seine Saciae ans 23.0 21.4 32.3 
eee SP Nes Aire = aa eae alana ols ata wie a en eats ao cae Dalene oe oe noe ens coe cs cm ee cielse wes 8.6 10.8 
10 ORS SAS Geos nese eRe Se Scone Sn Oe eR Cee tee eee ieee Gi8i laces coseee ae 14.4 
TUDE eee heen es oe eis wa emilee Uae Oey Caen ais Spe ceeninae ease ce 19. aa 14.6 
PS Dee cate Maye mink ercrate Cae jo avkmte aux oe male Sue the be eMeta Sein aa sels a Sem Seem = } 1c i] Paes ee eet 12.6 
USS dn cogs? SS ORR ee eS Se Sea ee A is ce ee eee 28.9 20.9 10.4 
IAI aI Soe fev Set ins Bis a Ne eee Stale Sa ane omaee heeds Mee See SKS } 19.7 18.0 14.1 
US Re atesne teen ats Rec a aoe ota ele DRE ES ccluiee cw laed Gauic nema se sSe owner 17.7 12.2 14.3 
TERM eee eee ernest woe clone acl oa wis tom ties 2 ea tes acinar nace tee 15.4 14.9 19.6 
RE ee eee EE eo att ah ae a oe eiis Micia(ie al abies Sie wie a ete Le 16.8 17.5 19.8 
ees tee = crete Dorcas oo sina Ge Sam potas tae aoe osmEwoccmicate nes re ecu 23.8 17.3 19.5 
Serpe eens Bet rates = eats & ln ee ae Ne, Pee ad Se Vio ne aS Sea Son 20.7 13.6 16.8 
SERRE Sire foramen eke oyna sat cia ne Sie Oe o oo hant cabal aboata Wire eralaie ale octane 20.9 13.2 13.9 
SU epee cca tok cae eee eee nose Me uie tae s she baa el Cosa dogaaete Baeh apes 26.1 2D Dy) este 
AMCTAL GC. oes apnea oa Sena Rh oes ose a Satoce ea eesesecr 20.0 15.3 16.49 


Culbertson.—Average for sixteen years, 20.01 inches; five years, over 25 
inches; eleven years, over 18 inches; three years, 15 inches or less. 

Sidney and Kimball.—Average for eighteen years, 15.5 inches; three years, 
over 20 inches; five years, over 18 inches; four years, 11 inches or less. 

Fort Robinson.—Average for twenty-two years, 16.49 inches; two years, over 
25 inches; seven years, over 18 inches; four years, 11 inches or less. 

At Fort Robinson, with an average rainfall of 16.49 inches, which 
is almost below the minimum for crop production, they have had over 
25 inches for two years out of the past twenty-two, and over 18 inches 
seven years out of the twenty-two, while they have had 11 inches of 
rain or less four years. There is no exact correlation between rainfall 
and crop production in this region, as hot winds or insects may easily 
destroy the crop even with plenty of rainfall. However, we know 
that a number of very good crops have been raised in that region, as 
much as 30 bushels of wheat and 60 or 70 bushels of oats within the 
last few years, and there seems to be evidence that with 18 or 20 inches 
of rainfall in this region the farmers are reasonably sure of a good 
crop. On that basis we might assume that at Fort Robinson they 
have had seven crops in the last twenty-two years, a light crop a num- 
ber of other years, and a few complete failures. At Sidney they have 
had sufficient rainfall for a crop three or four years out of the past 
eighteen and a number of failures, while at Culbertson it would seem 
that they have had sufficient rainfall for a crop probably half the time. 
Table ITI illustrates in a more graphic way the variability of rainfall 
in this region, both for the crop season and for the year. 
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Taste IIf.—Variability of rainfall at points in Nebraska, Minnesota, Iowa, 
and Missouri. 


Crop season (April to August, a5 
| inclusive). For the year. 
Locality. = : = = eit = ve 
Norma Seer tice Norma aria- 
rainfall. Variability. | rainfall. | bility. 
Inches. Inches. | Per cent. | Inches. | Per cent. 
Mort Robineans Nebrseeceteac estes sce 10.88) 4.47 | 41 16.49 | 23 
Keim pall Nebriaaceces over cekinic eee se weaen ceeeneine 10. 96 1.66 | 43 15. 50 33 
Culbertson, Nebricceesieneeccceeee eee cone eee ees 14.37 6.56 48 20. 70 21 
imc olny Nebieseccerecneeee ene ace ne cee ase Peceeesan| paneaccee 48 | 27.95 24 
Steal, Minas Soe are ees os orem shee eee eee | nied oo.2:5 Siasallle eee inverse si lsegemie seme Eee oes 13 
DaVvenpOLE ALO Wa ease eee metre etme Eee eee ee ey | Lt ef" eae | See eae 16 
St-pLOUis: Mor Sos. saecie ce eoseaua-meme cee eae aleeerioeeee | sesganszee | Heismiemiaeee | arate | 14 


The variability of rainfall during the crop season is from 41 per 
cent to 48 per cent at the three points first mentioned, while it is 21 
per cent to 33 per cent for the year. It will also be seen that the per 
cent of variability is 48 at Lincoln. However, the annual rainfall is 
28 inches at Lincoln and 154 inches at Kimball, and a variability of 
40 per cent makes a greater difference where the normal rainfall is 
really below the minimum necessary for crop production than where 
the rainfall is considerably above the minimum. For comparison, 
the variability of rainfall at several other well-known points is also 
given. The great uncertainty of crop production in this region has 
resulted in a type of farming somewhat peculiar to the West and in 
some ways rather a practical adaptation to the conditions. The peo- 
ple of this region are not shiftless, but are both practical and opti- 
mistic and deserve some credit for their ability to adapt their methods 
of cultivation to a climate of this nature and be able to succeed as 
well as they do. The principle in most of the farming seems to be to 
put as little expense as possible into the farming of an acre of ground, 
on the theory that if rains come a good crop will be produced and if 
rains do not come nothing will be produced under any conditions. 
This enables them to farm more extensively and to cultivate the land 
at one-third to one-half as much expense as in eastern Nebraska; hence, 
if they secure a crop one-half or one-third of the time it is produced 
almost as cheaply as a crop in eastern Nebraska. Their cheaper cul- 
tivation is due partly to the fact that weeds are less troublesome and 
partly to the fact that, owing to the drier seasons, the soil is kept in 
good tilth much easier. However, this should not be too encourag- 
ing, as there are many disadvantages connected with securing a crop 
only once in two or three years even though it may be produced as 
cheaply as a crop every year. However, it is this question of com- 
parative cost of production under different conditions and with dif- 
ferent systems of farming that really tests the merits of the case. 
The western farmers are now practicing an extensive system of farm- 
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ing, but a good deal is being said about the use of an intensive system 
of most extreme type. Just how far we shall proceed toward the 
intensive system must be determined solely on the comparative cost of 
production between the extensive and intensive systems of farming 
under western conditions. 

In regard to the present cost of producing crops in the more humid 
and in the drier portions of the State it is not easy to secure reliable 
statistics. Table IV shows that for a period of eleven years, from 1889 
to 1899, inclusive, it cost the Standard Cattle Company, at Ames, 
Nebr., an average of 19 cents a bushel to produce corn on an annual 
area of about 2,000 acres. 


TABLE IV.—Cost of producing corn at Ames, in eastern Nebraska, 1889-1899. 


Total Yield | rotal cost, Cost per | Cost per 


Year. acreage. | per acre. acre. | bushel. 
| | 
Acres. Bushels. | | Cents. 

TRO Rare oe ee sen ae ae Sa ae a Se ce eee wee aec5 BAe Ss 1,485 27.0 | $4,867.42 $3. 28 12.2 
ene eee ete ee eae Rea Ree cet aa ta asee's 1, 485 22.5 8, 924.79 6.01 | 26.7 
eter eet ar te einai siaornint als una a lara Sale win are aa 1,825 23.0 9, 154. 20 5.01 | 22.0 
Ee a Sen ak ce een see Sah er h meee ee ack 1, 825 28.0 9, 499. 97 5. 20 | 18.5 
Die eas 5e5 RB ACRE eEraee nes 5460 Aan oe mao ree Se 1,325 45.3 9,198. 80 6. 93 15.3 
PAGE a ena os Gasca acceesecesswaeeaeanecesesescs 1, 792 22.8 11, 950. 83 6. 66 29.1 
fee rad set arse SOE < oS ees elo eine ces a 1,875 40.6 14,181. 48 7.56 18.6 
TD He ee arc ee et in A gn ee ee pee 2, 462 68.6 | 19,888.70 8.08 11.7 
en eee Se eo ears sere es ee Stones ero kes 2,717 41.1 17, 772. 85 6.54 15.9 
EU Nee ne anes Serine acco ae a see ce eee a coe ose 3,431 31.5 | 21,575.89 6.32 20.1 
SRC ee es ie orn heen an ein Samer te ieeate 1, 644 30.9 12,015. 80 7.53 20.0 

BV OTAE Oe acts so hoe nt ose fe oan bee ce | 1, 987 30. 1 12, 639. 80 6. 28 | 19.1 


The average cost per acre was $6.28. However, the annual cost per 
acre varied from $3.28 to $8.08, and it will be noticed that the cheapest 
corn was produced the year when it cost most per acre, and the next 
cheapest corn when it cost the least per acre. Since these data were 
taken, the rent of the land and the price of labor have advanced from 
25 to 50 per cent, so that corn in the same region at present would 
probably cost 23 cents or 24 cents per bushel to produce. 

A few years ago Mr. Coburn collected data from fifty-four counties 
in eastern Kansas on the cost of producing corn. He showed that the 
average cost of corn for the ten years previous was 20} cents a bushel. 
However, the rent of the land and the cost of labor have also gone up 
in Kansas about the same as in Nebraska, so that, if data were col- 
lected now, they would probably show that corn in Kansas is costing 
23 or 24 cents. In Table V I have attempted to compile a few data 
showing the average cost of production of crops in Kansas and Ne- 
braska. The first part of the table is compiled from Mr. Coburn’s 
reports for the years 1897 to 1906, inclusive. Nine counties were 
selected in northeastern Kansas and nine counties in northwestern 
Kansas. 
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TABLE V.—Cost of producing corn in Kansas and Nebraska, 1897-1906, inclusive. 


AVERAGE IN KANSAS. 


Northeastern Kan-} Northwestern Kan- 
sas. sas. 
x Winter , Winter 
Corn. wheat. Corn. wheat. 
Waeld'periacre: bushelseseaa--c.o: ere sone oe eee ee eee eee 26.3 | 16.6 13.5 | 9.77 
Wale PEN a Clemens nae scoala Se aoe Sere eee eee ee See $8.92 | $10.82 $4.52 $5. 68 
Walreyper'bushelisecssce scene ence ee oe eee ee once ee eee $0.336 | $0.649 $0. 356 | $0. 573 
COST PON MCC Grr ccniseces sore aot nee aoe aeee eaeeee SERN Sekt $6.60 | $7.85 $3. 00 $4. 35 
Costipersbusheliat senescence oe con ee eee aE CEE eee Eee $0.25 | $0.44 $0. 22 $0. 45 


“ Hstimated. 


AVERAGE IN NEBRASKA. 


Kastern Nebraska. | Western Nebraska. 

, | Winter - | Winter 

Corn. | wheat. eee | wheat. 
Vieldsperiacre- bushelst rece ca-= dace seer eee moat eer 33 18 15 | 10 
COS DOR ACC oe ee, Fe AN MAG ays Rae EE i $6.60 $7.35 | $3.00 | $4. 35 
Costiper bushelen. .- 5-ec a8 eee see = ates Breeieteeietes oe neeien | $0. 20 | $0. 40 | $0. 20 | $0. 43 

AVERAGE FOR KANSAS AND NEBRASKA. 

Costiperibushels-<2 sAccetpeece os os tes eee aCe eee | $0. 225 | $0. 42 | $0. 21 $0. 44 


From these tables it will be seen that the average yield of corn in 
northeastern [Kansas in ten years has been 26.3 bushels per acre, and 
for the nine counties in northwestern Kansas, 13.5 bushels, practically 
one-half as much. The average price per bushel in western Kansas 
has been about 2 cents more, and the average value per acre about 
one-half as much. I have made a careful estimate of the cost of pro- 
ducing corn in eastern and western Nebraska, and assuming that it 
costs about the same in Kansas I use this to get the average cost of 
production in eastern and western Kansas. My figure for producing 
corn in eastern Nebraska is $6.60, counting rent at $3 per acre; labor 
of a man, $1 per day; of man, team, and tools, $3 per day. 

A few years ago Mr. Coburn made an estimate of $5.73 as the cost 
of production in eastern Kansas, but as rent of land and labor were 
cheaper it is certainly more than that to-day. In western Nebraska I 
have estimated the cost of production at about $3 per acre. This dif- 
ference in cost is due largely to the fact that they list more and plow 
much less, that the rent of land is about $1.50 cheaper per acre, and 
that fewer cultivations are necessary to destroy the weeds. Large 
tools are also used, and the ground worked more rapidly. I believe 
that $3 per acre is a fair estimate. On this basis corn in eastern 
Kansas for the past ten years has cost 25 cents a bushel and corn in 
western Kansas 22 cents. 

Winter wheat has averaged 15.6 bushels for eastern Kansas and 
9.77 bushels for western Kansas, about three-fifths as much for the 
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west as for the east. I have again used my Nebraska estimates 
for the cost of production of wheat in eastern and western Nebraska. 
According to this estimate wheat has cost 44 cents per bushel in 
eastern Kansas and 45 cents in western Kansas. In obtaining the 
yield per acre my source of statistics has not been as extensive for 
Nebraska as for Kansas, but I have made as close an estimate as pos- 
sible from the data at hand. According to these I would place the 
cost of producing corn at 20 cents for eastern and western Nebraska 
and wheat at 40 cents for eastern Nebraska and 42 cents for western. 
I think there probably is no real difference in cost per bushel between 
Kansas and Nebraska, but I am using the best statistics I can secure. 

If my figures are at all reliable they show that at present, at least 
for the period of the last ten years, corn and wheat have been pro- 
duced about as cheaply per bushel in western Kansas and Nebraska 
as they have in the eastern part of those States. From this it 
would seem that at least until the rent of land increases they are 
doing fairly good farming in the western sections. It must not 
be concluded, however, that because they raise grain as cheaply by 
the bushel their farming is as profitable, because there are many 
disadvantages with raising crops only a part of the time as com- 
pared with raising crops every year. For comparison, I desired to 
obtain some data in regard to cost of production under more in- 
tensive farming in the western areas, but was unable to find such data. 
It is to be regretted that some such data are not at hand, for upon 
the cost of production will depend the development of the intensive 
system of farming. 

It must be remembered that the merits of a system of farming are 
not determined by what some one can figure out ought to be made 
by it, or even by what some expert is able to accomplish. For exam- 
ple, anyone ought to be able to figure out with the stub end of a 
lead pencil that farmers in eastern Nebraska should raise corn at 
15 cents per bushel, and a few farmers are doing this, but it does 
not prove that the average farmer has the ability to do this. In 
the same way, while some of the intensive systems of dry-land farm- 
ing seem all right in theory, we can not judge of their merits until 
thoroughly tried in the hands of farmers. The value of the systeni 
depends on what the farmers as a class may be able to do with it. 
No matter how good the system may be in theory or in the hands of 
an expert, if it is too complicated or the principles are too difficult 
to grasp by the average farmer, the system must be considered im- 
practical. 

This emphasizes the importance of collecting accurate data, not 
only on the cost of producing farm crops under average methods 
of farm practice but under more intensive systems as well, 
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BLOWING SOILS. 


By L. E. HAZEN, Assistant in Dry-Land Agriculture, Hays Substation, Hays, Kans, 


The long-continued droughts in the semiarid belt are no more of a 
proposition than the excessive winds. As a rule such crops as wheat, 
barley, rye, sorghum, cowpeas, and Kafir corn will withstand a 
drought of six weeks to two months fairly well if there is no wind. 
Alfalfa will grow on 11 per cent of water in the first 3 feet, retaining 
a rich green color; two hours of 40-mile wind will stop all growth and 
cause a yellow tinge to appear on the leaves with 18 to 20 per cent of 
water in the soil and an air temperature of not over 80° F. 

There has been much written to explain how to establish a soil 
mulch, but so far there is little information as to how to keep it. A 
dust mulch will check evaporation, but the first stiff wind will blow 
the mulch away. Because this fact is overlooked land is being sold in 
western Kansas and eastern Colorado for $10 an acre which is really 
not worth $5. The clean-cultivated land at Hays blows very badly 
each spring, as the records show: land which is lightly tilled does not 
suffer much. 

The following is the cultivation history of the worst-blown land on 
the reservation this spring: _ 

In November, 1904, the land was plowed and harrowed; in March 
it was again harrowed and was planted to spring crops—wheat, oats, 
and barley. The part of the field west of the road was disked and 
harrowed in mid-April, plowed in July, and harrowed but not 
packed, as heavy rain beat it down; August 6 it was harrowed to 
break the crust and kill weeds; September 30, drilling winter wheat 
commenced. 

In the records the following comments are noted: 

March 1, 1905.—During the three days’ high winds this whole field blowed 
badly and considerable wheat is covered because of the flying dirt particles hay- 
ing lodged behind sorghum stalks and in low places. Wheat plants appear 
rather sickly, though the part in the ground is alive and thrifty. 

April 24, 1906.—The high wind of to-day did much damage to all spring crops 
that were above ground, and the barley and spring wheat east of the road were 
affected most because of the constant drifting of particles from the wheat fields 
on the west side of the road. 
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April 26 to 30.—Where wheat is killed the ground is listed to corn. 

May 28 to 31.—Cultivated with a 6-disk cultivator. Weather is dry. Cultiva- 
tion completed June 4. 

June § to 18.—Second cultivation. A special weeder was used after to con- 
serve moisture; completed weeding 20th. 

June 27 to July 3.—Cultivated the third time. 

July 25.—Used spiked plank. 

July 27.—Rain stopped this work. 

August 4.—Commenced using one-horse cultivator between rows to make 
mulch. Cultivation continued until crop matured. 

March 8 to 10, 1907.—Stalks raked and burned and disking commenced. 

February 18 to 20.—In another part of this flat the fall-plowed land was gone 
over with a disk drill having press wheels on to prevent blowing and drifting; 
wind has been blowing at the rate of 40 miles for a day or two and part of the 
land has drifted. 


It was noted from time to time that rough-harrowed land or that 
gone over in an east and west direction with a drill did not blow 
much in a 40-mile wind, but that broken by a special harrow did 
blow some. To determine the real value of rough harrowing, five 
2-foot-square plats were laid off side by side on the hill south of the 
evaporation tank and the plats were treated as follows: No. 1 was a 
check plat, its surface being entirely free from vegetation, but no 
cultivation was given. No. 2 was rough-harrowed east and west, but 
was not stirred enough to make the dirt fine. No. 3 was also rough- 
harrowed, but the cultivation was so frequent that it had a very fine 
mulch. No. 4 had a broken crust of the same quality as No. 2, but was 
laid smooth instead of in ridges. No. 5 had a very fine, level, mulch 
surface. a 

In a 30-mile wind no blowing of any consequence took place, 
although plat No. 5 showed signs of losing dust; in a 35-mile wind 
Nos. 4 and 5 both blew some. In a 40-mile wind Nes. 3, 4, and 5 blew, 
and the mulch from No. 5 had to be reestablished. No difference in 
rate of blowing could be detected between Nos. 4 and 5 until the 
wind dropped to 30 or 35 miles, when No. 5 alone lost dirt. In a 
50-mile wind No. 2 showed signs of blowing, as did the check plat; 
in a 57-mile wind all four cultivated surfaces blew away, but the 
check plat blew very little. The conclusion arrived at is that rough 
harrowing has no great advantage in a high wind. 

The Department of Horticulture has a small timber strip which 
surpasses anything for blowing the writer ever saw. It runs north 
and south along the fence next to the highway. This field grew 
barley in 1904, and about the middle of September it was plowed and 
harrowed. A number of lister rows were opened, tree seeds being 
dropped and covered with a cultivator. The field was again culti- 
vated in April, and then was kept continually loose with hoe, disk, 
cultivator, a tooth and slicing harrow, and throughout the season had 
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a heavy dust mulch. The dust blew from this in clouds and drifted 
so thickly in the yard west of the boarding house as to kill weeds 
and grass in places. 

An orchard plowed and harrowed this spring, then planted and 
intertilled, has not suffered from blowing as yet. The main tillage 
is east and west. This field was a big weed patch last year. 

Trees do not start readily at Hays, but cottonwood and honey 
locust do fairly well, and where trees protect the south side of a field 
there is little blowing until a point is reached several rods from the 
protecting belt. Frequent timber belts running east and west, plenty 
of sod-forming crops, and care not to leave a smooth, fine-grained 
surface seem at present to be the best checks to this trouble. 
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PLANT BREEDING IN CONJUNCTION WITH DRY-LAND 
AGRICULTURE. 


By L. R. WALpRON, Superintendent Agricultural Substation, Dickinson, N. Dak. 


While the variety testing, plant selection, and plant breeding car- 
ried on at the various experiment stations connected with the semi- 
arid belt can not fail to be of much benefit to our cooperative work, 
yet the ground may not be entirely covered and valuable work may 
be undertaken at the substations in immediate connection with the 
different cooperative projects. Any work of this character must be 
undertaken seriously, be well planned in advance, and funds must be 
set aside to carry it out. Obviously the work should be of as simple 
a nature as is consistent with the results to be obtained. Simple and 
well-tried methods applied along new lines may produce as satisfac- 
tory results as though more modern theories were used with a less 
sure hand. 

In the past plant breeding, or perhaps more properly plant selec- 
tion, has been devoted mainly to an increase of yield, an increase of 
rust resistance, of drought resistance, of hardiness, of milling quality, 
etc., and while these qualities are desirable and even necessary in our 
work, it may be that there are other qualities of equal value to be 
developed in grains which are to become preeminently suitable for 
our dry areas. Or may it not be possible that some of the qualities 
mentioned are really complexes which by appropriate methods may 
be analyzed into simpler elements? The terms vigor and hardiness 
may mean much or little, depending on the user’s standpoint. We 
are learning that the term “ drought resistance ” has an increasingly 
wider meaning, subjectively; and until we know the methods by 
which the plant may overcome Jack of moisture we may hope to 
make but little progress by selecting along this line. 

What are some of the difficulties against which cereals have to con- 
tend in the area which interests us? Surely one of the difficulties, 
though not the chief, is the cold soil which the spring-sown grains 
find ready to receive them. At Dickinson this season some grain 
scattered from the thrasher germinated in March and maintained a 
successful growth until the first of June, when it was pastured, being 
far in advance of grain sown in early April, which did not appear 
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above ground until the first week of May. This great difference was 
evidently due almost wholly to the warmer substratum secured to the 
early germinating grain. Now, while it may be difficult to move the 
mountain Mahometward by warming the soil, it may be possible to 
dislodge Mahomet by modifying our grain. At any rate the idea is 
worth thinking about, and perhaps acting upon. 

In a variety of grain is it not possible that there are some kernels 
which will start at a lower temperature than other kernels? From 
the writer’s observation upon grain sprouted in a germinator at a 
rather low temperature it seems very probable that this is so. Pro- 
ceeding on this assumption, it would seem but a simple matter to run 
the germinator at a temperature just below the degree necessary to 
cause germination for that particular variety, and from several thou- 
sand grains there may be one hundred which start at this lower tem- 
perature. These could be transplanted to the open ground and selec- 
tion could then be made for yield and other qualities. The next year 
the selected grains could be put through the same or a more exacting 
germinator test and the work continued as long as desired. 

From the writer’s observation on the germination of certain weed 
seeds, it seems reasonable to suppose that the germinating tempera- 
ture point varies widely with the seed of any one species and that 
those which germinate at the lower temperature are more frostproof 
than the remainder. If this should be found to be true of grains, we 
would be developing not only a strain that germinates at a low tem- 
perature, but one that is frost resistant also—a valuable desideratum. 

We need not only a grain having the above germinating characters, 
but one that will germinate with a minimum amount of moisture. 
The ground at planting time in the semiarid regions is apt to contain 
less than the optimum water content for germination. A grain that 
would accommodate itself to the drier conditions would aid the 
farmer in making good in his struggle for maintenance. It would 
seem feasible to fit up a germinator having the moisture content 
under control. In such a germinator, having the moisture content 
just below the minimum for germination, there could be selected 
grains or seedlings requiring the minimum amount of moisture. 
Such seedlings could then be planted out. 

These ideas could be carried out in a limited manner by purely out- 
of-door methods, but the work would be under better contre! aid re- 
sults would be attained more rapidly if the most essential portion of 
the work were carried on inside. Perhaps a method more suitable 
than that of the seed germinator would be that of a small glasshouse 
the temperature of which could be controlled. In such a place the 
plants could be started at the minimum temperature and later trans- 
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planted. In other beds, with the moisture content kept at certain per- 
centages, seeds could be sown and the desired seedlings could be trans- 
planted and treated as seemed best. In carrying out the above sug- 
gestions the idea of using the various methods in combination readily 
comes to mind. 

While the difficulties attending plant selection carried on along the 
lines indicated are of some importance, yet it is believed that they 
are not insuperable, even to the substations. Furthermore, the bene- 
ficial results accruing should prove of much importance, not only as 
an end in themselves, but for the light that would be thrown upon 
other problems now scarcely guessed at. 
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RATE OF SOWING DURUM WHEAT. 


By L. R. WALDRON, Superintendent, Agricultural Substation, Dickinson, N. Dak.@ 


The statement is often made, by scientists as well as by farmers, 
that in sowing durum wheats the drill should be set to sow more than 
if sowing Fife or Bluestem wheats. This statement seems to be 
based on three assumptions: (1) That the grains, being larger, feed 
more slowly through the drill; (2) that the grains, being larger, a 
greater volume per acre is needed in order that as many grains per 
acre be sown as of the common wheats; (3) that as the durums stool 
less, they need to be sown more thickly in order that as many heads 
per given area may be produced as in the case of the common wheats. 
These postulates overlap somewhat and can not all be used in the 
same argument. 

Recently the author has made a little study with a view to testing 
the soundness of the practices derived from the above conclusions 
and also of the conclusions themselves. Two varieties of wheat were 
selected—Kubanka and Rysting’s Fife. The Kubanka weighed 63 
pounds and the Fife 61 pounds to the bushel. Ten grams of each 
variety were weighed, and in the durum sample there were found 247 
grains, as against 304 grains in the Fife sample. This is an excess of 
23 per cent of the Fife grains over durum for a given weight and only 
a fraction less than 23 per cent for a given volume. 

Equal quantities—about 5 pounds each—of the two varieties were 
weighed out and each sample was placed in one half of a 6-foot drill 
having but one feed. The drill was set to.sow 6 pecks of common 
wheat. Enough revolutions of the shaft were made to sow one- 
twentieth of an acre. The wheat that passed through the hose was 
collected and weighed. It was found that of the Kubanka there were 
1,088 grams and of the Fife 1,079 grams that had passed through 
the drill, a difference of less than 1 per cent, although it was found 
that the durum grains were 123 per cent the size of the Fife grains. 
It thus appears that under the conditions given, the two wheats feed 
at about the same rate. If this holds generally, the first assumption 
is unfounded. 

The second statement is self-evidently true; but is it necessary that 
more grains, or even as many grains, of the durum be sown per acre 
as of the Fife in order to produce the best results? It is true that 


@Mr. Oliver J. Grace aided in securing some of the data for this paper. 
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the durums stool less, but is it necessary that they stool so much as 
the Fifes or Bluestems to produce as much per stool? Are there no 
other factors entering that tend to offset the deficiency in stooling? 
In an attempt to answer this question in part, weighings may be 
given of some stools of these two varieties. They were grown in 
nursery plats under similar conditions, except that the Fife wheat 
was sown twelve days later than the durum. Six durum stools and 
seven Fife stools were selected on the basis of general quality—pri- 
marily yield as expressed by stooling. Of the durum, the six stools 
averaged 4.3 heads to the stool. The shelled grain averaged 10.11 
grams per stool. The seven best stools of the Fife averaged 6.8 heads 
per stool and the shelled grain averaged 6.62 grams per stool. The 
shelled grain per durum stool thus shows itself to be 52 per cent 
greater than similar grain from the Fife stools. The durum grain 
yielded on an average 2.35 grams per head, while the Fife wheat 
yielded but 0.97 gram per head, an excess of over 140 per cent 
in favor of the durum. To put the matter more concretely, in 
order to produce a crop of 30 bushels per acre it would require 
a stand, according to the figures given, of 16 stools of the Ku- 
banka wheat per square yard, as against 25 stools of the Rysting’s 
Fife. If we were to do any a@ priori reasoning from these figures, 
the conclusion certainly would not be that the durum wheat needs 
to be sown the more thickly—rather the reverse. While the data 
given do not aid us materially in field practice, they serve to brush 
away certain deductive conclusions and preconceived notions that 
might prevent a good understanding of the subject. There may be 
reasons for thicker sowing of the durum, but it is scarcely possible 
that they lie along the lines indicated at the beginning of this paper. 
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FRUIT GROWING ON THE PLAINS. 


By J. E. Payne, Superintendent, Agricultural Substation, Akron, Colo. 


One who has been accustomed to going to the orchard or fruit gar- 
den and eating fruit fresh from the trees can hardly imagine that it 
would be possible to live and raise a family without using fruit of 
some kind as an article of diet. When fruit is shipped a long dis- 
tance it is never as good as the fruit which one would select from his 
own orchard, while the prices which must be paid for the inferior 
article which the stores occasionally have for sale are prohibitive to 
the average settler who files on a claim and attempts to eke out an 
existence for himself and family. So if the children of the Plains 
country are to have as much fruit as they should have it must be 
raised at home. 

The Plains country is likely to be settled by people who can not 
get a foothold where land is high priced. They must learn to farm 
under conditions as they exist. They must find drought-resistant 
crops for extensive use, and must learn to create suitable conditions 
for the production of their favorite fruits and vegetables which are 
not drought resistant. In other words, they must adapt themselves 
to conditions and learn to create environments suitable for some 
plants which can not be grown in the community under natural con- 
ditions or ordinary methods of culture. 

The agriculturists and agronomists are all working and studying 
to find or produce drought-resistant grains, grasses, and fruits. But 
I contend that these would avail but little if we could not find 
“ drought-resistant ” settlers who are willing to live in the country 
and demonstrate their value. . 

I have found that the quality of drought resistance is not confined 
to the settlers from any State or nation. It seems to be an individual 
trait instead of a quality of race or country. The man who can adapt 
himself to the conditions and do the right work at the proper time 
succeeds in maintaining himself, and those who do not do this fail. 

It is argued and has been argued that it does not pay to try to 
grow fruit and vegetables on the Plains because they can be bought 
cheaper than they can be raised. But I have noticed that those who 
talk that way have a very small variety of vegetables on their tables 
and that they seldom eat fruit of any kind, except the cheapest kind 
of dried fruit, unless perchance the man happens to be owner of a 
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large ranch from which a few hundred * feeders ~ are annually sold. 
“ven the wealthiest ranchmen fail to find good fruit and vegetables 
on the market at all times, and they can supply themselves only by 
maintaining an orchard and garden for the production of their own 
supplies of this kind. 

Fruit growing, gardening, and forestry as practiced by the ordi- 
nary farmer or ranchman are business propositions which it is impos- 
sible to demonstrate will pay in dollars and cents for all the work 
put into them. But asa factor in home building it certainly is easily 
shown that a good supply of fresh vegetables and fruits is worth all 
it costs in labor and money, especially when one must either produce 
his own supply or go without. 

Farming as practiced by the majority of men owning the land 
which they use is a home-building proposition instead of a business 
venture. Some men I have known whose annual production would 
not average $500 cash market value per year have lived on the Plains 
and raised large famihes. As wages for a man and his wife and 
children, all working hard, this does not seem like a business propo- 
sition. But the same man, if placed in some factory, would have to 
earn all the income, and he would not earn any more than the family 
earns on the drought-stricken prairie. If the father was employed 
in a factory the children would miss the sturdy training in thrift 
and industry that helping with the stock and doing farm work give. 
So, while at first the settler may appear to be playing a losing game, 
when we consider ultimate aims he has probably done more for his 
family and for society at large by raising a few honest, industrious 
men and women, who will also be “ drought resistant,” than he could 
do in any other way, and they will be able to give efficient aid in 
conquering the remainder of the American desert. 

Introduced trees and shrubs which have been tested have often 
given results not on account of drought-resistant qualities but because 
their fruit grew and ripened during the part of the year when humid 
conditions existed. 

Cherries, plums, and gooseberries have usually produced well. 
Only standard varieties of these have been tested by the writer, and 
it is his behef that they have succeeded because they make their 
growth of fruit before July 1, or before the usual time of drought. 
The Russian mulberry can also be depended upon to produce con- 
siderable fruit, which gives much pleasure to birds and children, and 
several varieties produced fruit at Chevenne Wells. The sand cherry 
and the wild black currant are found native in many parts of the 
Plains area. These also grow their fruit mainly during the humid 
parts of the year. Apples have not been successfully grown without 
irrigation, except during periods of excessive rainfall. Apple trees 
have been grown in many places on the Plains by careful tillage, but 
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nearly every year there is a time when the fruit is injured by drought. 
If the owner is prepared to give the trees a good irrigation at these 
critical times, they will produce good fruit. Otherwise much of the 
fruit falls and that which remains does not ripen properly, but 
withers and never has a good flavor. 

As water is necessary for trees or gardens, these should be located 
where it will be possible to give the trees extra water in some way 
and also guard against an accumulation of excess water about their 
roots in times of heavy rainfall. The ideal location for an orchard is 
on a slope adjoining permanent pasture land, where the storm water 
may be carried to ditches made just above the rows of trees and dis- 
tributed automatically during the storm, each tree to have a hole just 
above it on the slope, which will be filled from the prairie flood water. 
This method 1s 
shown in the map 
of James Howell’s 
orchard, which is 
situated near Flag- 
ler, Colo. (See fig. 
1.) The mistake of 
not providing for 
drainage is shown 
in the same or- 
chard. The trees 
planted in the creek 
bed below the dam 
were much dam- 
aged by extra water 
during a season of excessive rainfall. During dry years they did 
well, but when a series of years having abnormal rainfall came many 
trees planted in the old creek bed died. 

Having chosen the location, the next thing to consider is the prep- 
aration of the land. Two extreme methods have been practiced, both 
with fair success. One is merely to dig holes for the trees and set 
them in the sod; the other is to plow the land several times during 
one year, each time a little deeper, and again in the spring just before 
planting. At this last plowing the tract is plowed in narrow lands, 
so that each row of trees will be planted in a dead furrow. Holes are 
dug and the trees set carefully with roots naturally spread. The top 
soil should be thrown in first and carefully packed. Trees should not 
be set when the ground is wet. The trees should be set and covered a 
little deeper than they were in the nursery row. The holes should be 
deep enough to be left with about 6 inches unfilled. This, with the 
furrow in which the holes were dug, will make a reservoir for holding 
storm water until it can sink into the ground. The trees planted 
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Fic. 1.—Diagram of James Howell's orchard, Flagler, Colo. 
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should be trimmed so as to balance the root system and the top. Cut 
off all bruised roots and limbs and leave the limbs which are in posi- 
tion to make each tree well balanced. Pruning in after years will 
be likely confined to cutting out interfering branches. Each year 
more wood will be cut out, until after a few years a wagon load of 
brush will be cut from an acre of apple trees each year. Pruning 
should be done just 
before the growth 
starts in the spring, 
so that the wounds 
will quickly heal 
before they are ex- 
posed to dry, cold 
winds. 

T he omc haa 
should be — culti- 
vated carefully, so 
as to keep the 
weeds down and 
preserve a soil 
mulch. The disk 
harrow is probably 
the best tool we 
have for  main- 

taining a deep 

soil mulch. The 

| smoothing. harrow 

used with teeth set 

slanting forward 

! is good for main- 

taining a moder- 

ately deep mulch. 

I have always be- 

gun _— cultivation 

Fic. 2.—Diagram showing simple method of utilizing storm early in March and 

waters. . 

stopped by August 

15. Some years the orchard was not cultivated after July 31. Fre- 

quency of cultivation depended upon rainfall. The tool used for any 

cultivation also depended upon the condition of the ground. TI never 

tried a cover crop, as I had the care of one orchard only eight years, 

and it grew well under clean culture and was not large enough to 
make any tests which would have been of any value. 

The fruit garden should not be extensive, but should include enough 


trees of each kind to furnish a succession during the summer and an 
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abundant supply for winter use. It should be surrounded by a wind- 
break of hardy trees. I would now plant three rows of hardy trees 
8 feet apart each way if I were planning a garden. I would use Rus- 
sian mulberry, black locust, and wild Russian olive for making the 
shelter belt. The black locust and wild olive are ornamental trees, 
and the Russian mulberry bears fruit which is quite acceptable to the 
bird friends and children. 

The work done in testing fruit trees has been pioneer work only. 
It has been demonstrated that fruit trees will grow in the Plains 
country if cared for properly. Variety tests should follow. We 
have produced good 
crops of Weaver, | | 
Minor, and Wolf \ 
plums; also good Pe PRAIRIE y 
erops of Early |\ 
Richmond, Early 
May, and English 
Morello cherries. 
The Downing goose- \ aye | 
berry has done well. \ mn l \ a | 
Apples of standard any! 
sorts, as Ben Davis, \ Se aoe 
Missouri Pippin, 
Winesap, and Duch- | 
ess of Oldenburg aaia® 
have all thrived and 
have borne a few 
good crops. Peaches | 
have often winter- 
killed, so if any of | 
them are raised 
hardy sorts must Fi«e.3.—Diagram showing combination of windmill irrigation 

tok and utilization of storm waters near Akron, Colo. 
be imported or the ; 
trees must be covered during the winter. Apricots make beautiful 
trees, but they nearly always blossom too soon in the spring to pro- 
duce a crop of fruit.) Standard grape varieties, such as Concord and 
Delaware, produce vegetative growth, but seldom fruit. 

After protection from the storms, the most important consideration 
in the production of fruit is a certain water supply in time of need. 
Some try to store this in the soil by cultivation, and when storm 
water can be drained from other land onto the fruit garden this 
method is a success. But during dry years trees suffer if they get 
only the water that can be saved from the rain which falls upon the 
space occupied by the orchard. 
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Another method is by irrigating from wells. Some use a combi- 
nation of these two methods. 

In the accompanying illustrations are shown some methods of 
getting extra water for the fruit garden. Figure 2 shows a simple 
method of catching the water from a hillside and storing it in a 
buffalo wallow situated above the garden. This reservoir is fed by 
a deep-trodden cattle path. It holds water for several days and this 
is put upon the garden where it is most needed. 

Figure 1 shows a more complicated system involving the same gen- 
eral plan and used in combination with a well, so that if the storm 
water does not come at the right time the trees may be watered from 
the well. This 
garden islocated 
near Flagler, 
Colo. The res- 
ervoir on the 
hill is fed from 
the prairie by 
throwing a dam 
across the head 
of an arroyo or 
gully and mak- 
ALFALFA, ing a ditch from 

above the dam 

to the reservoir. 

The same ar- 

royo is dammed 

lower down and 

turned out of its 

\ course, leaving 

} \ the old chan- 

nel dry but sub- 

Fic. 4.—Diagram showing windmill irrigation as practiced by John irrigated from 

Rose, Seibert, Colo. 

the pond above 

the dam. Trees were planted in the old channel, but the wet years of 

1904 and 1905 caused them to be much damaged by too much water 

standing about their roots and many of them died. During the dry 

years these trees did well. The trees planted upon the slope get the 

storm water from the higher land and the holes above the trees on the 

slope are often filled. This extra water, combined with good cultiva- 

tion, has kept the trees on the slope in good condition and able to bear 

fruit every year, although the crop is sometimes destroyed by hail. 

This fruit garden was set out about fifteen years ago and drought 
has caused no failures there. 


FRUIT GARDEN. 


WINO-MILL, 


VEGETAGLE GAFPDEN, 


OKWELL & WIND-MILL, 


S WELLE WINO-MILL, 
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Figure 3 shows another combination of the use of storm water, with 
windmill irrigation. This isa commercial fruit and vegetable garden. 
It is located near Akron, Colo., and the owner has supplied the com- 
munity with vegetables and small fruit for several years. The storm 
water is used to water the trees and large crops, while the water 
from the wells is stored and used for watering vegetables. This 
garden has furnished an income of about $800 a year, besides the ice 
crop from the reservoir, which often amounts to $500 a year. 

Figure 4 shows a type of windmill irrigation plant of which there 
are many on the Plains. The one chosen belongs to a pioneer in this 
line, Mr. John Rose, who is located near Seibert, Colo. Mr. Rose be- 
gan with one well and no mill. Later a mill was obtained, but blew 
down, and until it was put up again, several weeks later, Mrs. Rose 
pumped water by hand five hours every day in order to save her 
strawberries and trees. This garden was only a few square rods in 
extent at first, but it was extended as experience dictated until now 
three wells water about three acres. Mrs. Rose says that the little 
fruit garden enabled the family to live when they would have been 
compelled to leave if their garden had not been a success. Many of 
their neighbors sneered at the “ little patch ” at first, but now, after 
eighteen years of demonstration, every settler within 10 miles of 
Mr. Rose has a small fruit garden, and they have nearly all obtained 
strawberry plants from that pioneer fruit farmer. 

There is no doubt that every man can have a fruit garden if he is 
willing to make sacrifices to start it and care for it; but he must re- 
member to make conditions to suit the plants, instead of trying to 
change the plants to drought-resistant varieties. 
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OKLAHOMA ROTATIONS AND THEIR RELATION TO SOIL- 
CULTURE WORK. 


By L. A. Moornouss, Agronomist, Oklahoma Agricultural Experiment Station, 
Stillwater, Okla, 


Rotation of crops in agriculture and horticulture has been defined 
as the system or practice of growing a recurring series of different 
annual crops upon the same piece of land. The system is based on 
the fact that various crops not only require but absorb different quan- 
tities of the mineral constituents of the soil; hence, if one crop is 
grown continuously upon the same section of land for a period of 
years and one of the essential elements is drawn upon to an excessive 
degree, it is evident that unless the supply of this constituent is pres- 
ent in unlimited quantities, the plant food elements will be thrown 
out of balance and low crop yields will result. Sir Henry Gilbert, 
in presenting a review of the rotation experiments at the Rotham- 
sted station, gives us the following definition: 

If I had to define the practice of rotation of crops as followed in our own 
country (England)—indeed, over large portions of Europe—in the fewest possi- 
ble words, I should say that it consists in the alternation of root crops and of 


leguminous crops with cereals. In the United States, however, it is a gramin- 
eous crop (maize) which largely takes the place of the root crops in Europe. 


The same writer also makes the following observations : 

The cereals constituting such a very important element of human food, it was 
natural that they should be grown almost continuously so long as the land 
would yield remuherative crops. Hence, the history of agriculture, not only in 
our own country but in others where these crops were of high relative yalue, 
shows that it very generally came to be the custom to grow them for a number 
of years in succession and then to have recourse to bare fallow, or in some 
cases to abandon the land to the growth of rough and weedy herbage, affording 
scanty food for domestic animals. 

This is precisely the history of agriculture in this country. First, 
the one-crop system constitutes the sole arrangement for the farm; 
then a reduction in yield necessitates some modification, and we note 
that an abandoned farm is the final outcome. History must not repeat 
itself in the West. With all our modern ideas in the realm of chem- 
istry, with new light in the field of biology, and with a mass of experi- 
mental data from the physical laboratory, where the soil is carefully 
studied, the-problems which are confronting the agriculturist of the 
West should not go unsolved. It is my belief that we are coming 

130 69 


70 DRY-LAND AGRICULTURE. 


(o a plane where more substantial experimental work can be planned 
and carried into effect, but this fact should not lead us to relax our 
efforts or to conclude that the goal has been reached, for it appears to 
me that we are merely commencing to grasp first principles. 

Several reasons may be advanced in favor of a well-planned rotation. 
In the first place, the adoption of such a system will enable the hus- 
bandman to distribute the farm labor throughout the greater part of 
the year; thus men who were formerly engaged for short periods will 
be given continuous employment. Again, a variety of crops, marketed 
at different periods of the year, gives a steady and regular income to 
the farmer, and, as a matter of fact, he will be able to manipulate his 
affairs with a smaller capital. Success in commercial life depends to 
a great extent on the business management, and this is also true in 
regard to agricultural pursuits. A good rotation affords an oppor- 
tunity for making regular applications of farm manure on the respec- 
tive areas; hence, the fertility of the soil will not deteriorate as 
rapidly as under the one-crop system, where manure is added spar- 
ingly; moreover, clean-culture crops can alternate with uncultivated 
crops and weeds may be held in check quite effectively. These and 
other reasons which might be given are decidedly in favor of a 
definite system in the order of cropping. 

One of the first questions which comes to us in making suggestions 
for the farmers of the West is this: * What factors should be observed 
in planning a rotation?” This question can not be answered for us 
from the standpoint of the eastern farmer, although the latter might 
receive instruction by observing western methods, and we can un- 
doubtedly profit by investigating his plans. It is possible that some 
of our failures in the semiarid region have been due largely to a strict 
adherence to some local ideas which have been imbibed under entirely 
different surroundings. The newcomer must learn to adapt himself 
to new conditions, and in order to do this successfully a study of the 
past history of this great area will be imperative. The conservation 
of soil moisture is an important item; thus, if maximum returns are 
to be secured, this factor must be reckoned with in the arrangement of 
our rotation. 

In discussing these factors it will be necessary for me to confine 
my attention to data which have been collected during the past ten 
years at the Oklahoma Agricultural Experiment Station. The rain- 
fall for this point is much higher than the rainfall which is reported 
for western parts of the territory; however, if any general deductions 
can be made in a study of our records for this county, a few of these 
lessons may be applicable under western conditions. 

In the first place, let us consider the precipitation throughout a 
period of years, and perchance we may determine the relation between 
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the rainfall and our crop systems. Our records are complete for the 
years 1896 to 1906, inclusive; and the monthly distribution for this 
period is given for two five-year periods. The average for the first 
five years—1896-1900—is given in Table I, while the average for the 
second period—1901-1905—is given in Table II. The latter table 
also contains a ten-year average. The report blanks from which these 
figures were taken were apparently incomplete for the years 1893 to 
1895, inclusive, consequently it would hardly be correct to make any 
comment for this period. 


TaBieE I.—Precipitation at the Oklahoma Agricultural Experiment Station for 
1896 to 1900, inclusive. 


Aver- 
Month. 1896. 1897. 1898. 1899, 1900. age, 5 
| years. 

Inches.| Inches. | Inches. Inches. | Inches.| Inches. 
AMLIBVAR ee bee keee tote spcbte Dg BE Oe ge eave 0.55] 0.76| 3.53| 0.48] 0.28 1.11 
eDnaar ys at nS aon ne: On cite nae tne se ese SESE 19 1.51 3. 00 | 47 | -79 1.19 
Mavens soo ehe et teat, sean meadekehccait ccnose nace 1.21 3.51 2.75 | 1.03 -ol 1.80 
Noll je 5 eS RR Ae RNs Pei EAE SEN CaS .94| 6.36 DS. ALOE |, 4243 3. 46 
May....... BRNSRY So aese, Diep ek Bee ett ae Aah 5.93| 4.77| 8.56| 5.61 | 3.71 5.72 
RUPLI oe oe ite ean See a one sae ne Son a Seo Cazee |p SACL ai 3.64 | 3.28 4.61 
AIK s= SAS SS Se E ie Rae es eee epee te 9.85 2.63 6.35 4.54 2. 69 4.41 
PATIPTBLS cook cb ms aise aaa e a oon em ease ae oe rine 1.64) 4.51 2.86 2.97 1.39 2.59 
SYSELVS) 00) 210 PR Ae Se eens A nie eae OS ee IES 2.54 | Tle |, S2AR 2 88 or 3.9 
WMCIOBEUE saa. oo.8t ogee ae Pee o ea ite safeties 2.88 | 97 4.19 |} 6:15 2.5 
NOMENIDEIII.K seock oe one eae Feces oe Boe See 1.56 80 . 68 peu! 93 x 
MGCOMIbeN Es -ae sasaetee aces, seep ecm onan mew senate 85 87 2.68 1. 60 

SE ae Nec a a Be oe ke ey ae SOS 31.40 31.53 42.62 32. 87 29.98 


The snowfall for this five-year period was not excessive, and yet 
there was sufficient to furnish at times a fair supply of moisture 
for the soil. It should be noted that almost’ the entire quantity of 
water falling in the form of snow eventually passes into the soil, 
because the time required to melt the snow generally exceeds one 
or two days, and if the material is not carried from the field by 
high winds some addition is made to the capillary water of the sur- 
face and subsurface area. The distribution for the period was as 
follows: January, 1896, 0.08 inch; January, 1897, 0.05 inch; Decem- 
ber, 1897, 0.49 inch; December, 1898, 1.25 inches; January, 1899, 
2.5 inches; February, 1899, 0.5 inch; March, 1899, 1.9 inches; De- 
cember, 1899, 4.5 inches; January, 1900, 0.12 inch; February, 1900, 
1.2 inches. The maximum snowfall for this period occurred in 
December, 1899. It should be observed that this precipitation was 
timely, inasmuch as the rainfall for the three subsequent months 
did not exceed 1.52 inches. In making a study of the average pre- 
cipitation for this five-year period two or three facts should be noted. 
First, our maximum rainfall occurs during the month of May, while 
the minimum point is reached during the month of January. The 
average rainfall for November, December, January, and February 
is comparatively low. 
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TABLE II.—Precipitation at the Oklahoma Agricultural Experiment Station for 
1901 to 1905, inclusive. 


| | | 5-year | 10-year 
Month. 1901. 1902. | 1908. 1904. | 1905. aver- aver- 


age. age. 
| | | 

| Inches. Inches. | Inches. | Inches. | Inches. | Inches. | Inches. 

January..... aj=iajoale(aleia{e/a\n(a{a/a\aia/als/a\s)s/aialatelsieie)ats i ONG20s 10213 0. 25 1.03 U79 0.76 0.94 
MEDLUALY: <4-f one eee ee cceso noes s Deer Onengeee | .59 Sil 2.19 07 LP ies , 84 1.02 
WIEN el bee aa Be Sada GUS Seep COA TORS peSeOSbE 2.95 5.038 3. 66 15 5. 42 3.44 2.62 
Aprils sememcacscue Sas seein claw onion eee 1.29) 92 2.97 . 80 2. 80 1.96 DAML 
1G A toes Serie is Sere A Poa eee lee op eee oes a 4.70 10. 86 9.27 7.28 4.86 7.39 6.55 
AITO 25ers Se Monel ne en er ees es See ee ee .79 2.19 .73 6.54 3.76 2. 80 3.71 
AUN RE Ge oadooee feos aaen oC een esac Cea aaEeeeene 1.48} 2.85 3.47 5.18 3.19 3. 23 3. 82 
PAIS US trees Reece eee eno oto ere cares 1.95 Paty 2.48 7.42 8.15 4, 43 3.51 
September: os cece. ccc heen actin oe eee aeons yale 4.64 3.01 1.66 2.38 2.56 2. 89 
Ociober se e825. seeks soe coe se fe gag 92| 3.52 13} 2.88) 1.91] 2.66 
INOVEMDER: x5 Saseccere eae sncc enamine | -99 | 7.78 . 59 | 574 1,57 OPAL 1.67 
Wevemiber Bons kee ee ake ae } =a2S0aleonii68 48] 2.52 62| 1.23 1.24 
AV OMT E  Aiate pistaiayiave c Bete wrelom cle ss cvecioretan oes 19.44 40. 29 32.58 | 32.99 | 38. 59 | 32:78 | 33.23 


The snowfall for this five-year period stands as follows: February, 
1901, 1.4 inches; December, 1901, 2 inches; January, 1902, 0.5 inch; 
December, 1902, 0.9 inch; February, 1903, 1.5 inches; February, 1904, 
0.25 inch; November, 1904, 0.05 inch; December, 1904, 0.75 inch; Feb- 
ruary, 1905, 1.12 inches. 

The annual average precipitation for the first five-year period was 
33.9 inches, as compared with 32.78 inches for the second period, giy- 
ing an average for the ten-year period of 33.23 inches. The average 
monthly precipitation for the years 1896-1900 reaches a maximum 
point during the month of May, while the lowest rainfall occurred in 
January. In our second table, which includes the years 1901-1905, the 
month of May shows the maximum precipitation for the five years, 
and the lowest point is reached during the same month as in the pre- 
vious five-year period. The general results in the second period are 
practically the same as in the first. During the past two years there 
has been a marked increase in the rainfall for August, and this, with 
the rainfall for 1906, will have a tendency to raise the average for this 
part of the season. In general, our average precipitation runs low 
for the months of November, December, January, and February; then 
there is a gradual rise to the maximum point in the month of May, 
and subsequently the averages gradually decline until the end of 
October. 

After making a careful study of these tables I have been led to 
reach the conclusion that there is a direct relation between the pre- 
cipitation for this section and the recommendations which have been 
submitted by our station workers for the guidance of the farmers of 
the territory. For instance, the fall seeding of alfalfa has usually 
given more satisfactory results than spring seeding. As a matter of 
fact, crab-grass (Panicum sanguinale) gives less trouble in the fall- 
sown than in the spring-sown alfalfa, but there is still another reason 
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for the existing preference, and this is found in the fact that the 
heavy rainfall of the spring months has a decided tendency to wash 
our fields; hence, many of the young alfalfa plants are destroyed. If 
the field is plowed early in July and is given good treatment through- 
out the summer months, the soil will be in excellent condition for 
seeding the latter part of August or early in September. This plan 
also facilitates the storage of water within the soil, and the alfalfa 
plant has a full and continuous supply at hand throughout that 
period of the year when the rainfall is comparatively light. 

Another illustration will serve to make this point somewhat clearer. 
The station at Stillwater has found that early (July) plowing for 
wheat gives better returns on the average than late (September) 
plowing. In this test the ground was plowed on or about July 15, 
August 15, and September 15 each year, and these plowings were 
designated “ early,” ‘“ medium,” and “ late,” respectively. Duplicate 
plats were used in each case. The soil was turned to a depth of 7 to 8 
inches and worked down immediately. Subsequently the plats were 
given light cultivation after each shower or heavy rain. The different 
areas were all drilled at the same time to Fulcaster wheat at the rate 
of 13 bushels per acre. The time of seeding for the five years through 
which this experiment was carried ranged from September 15 to 
October 1. The yields are given in Table ITI. 


TABLE III.—Yields of wheat at Stillwater, Okla., from 1900 to 1904, inclusive, 
showing the effect of early, medium, and late plowing. 


| Early plowing. ene plow- Late plowing. 
Year. ee fue 

Grain. | Straw. | Grain. | Straw.| Grain. | Straw. 

Bush. | Tons. | Bush. | Tons. gush. | Tons. 
TROY | ond st CER ee eee O DSO EES aE ane ore nee: See 31. 32 1,81 23. 48 1, 23 15. 30 1.00 
Peete eee aa rereate a caida cata’ staat a cjara/e nibin gvele-a Sale aide aiateisied 43. 60 1.99 38. 20 1.74 40. 20 1. 92 
EON reece ie clete cident tere stmaje, sb. a'sro-e uals eicinia wares melee 17. 05 .63 18.15 -61 | 19.35 .81 
SR eR Ae ricee oe acta ee oak eae octets 3.00 28. 20 1.74] 28.50 1.82 | 27.80 1.73 
PRM eee ok eo en Sara Suitlc Wecan ad canac occesueeacese'ss 15. 25 - 82 12.54 .506 7.51 .o4 
ASU TSE Oho) ou ciora eine vices Ss oe aie Saasic.c aes aieeetace.< 27.10 1.39 | 24.20 1.19 | 22.00 1.15 


In five years the early plowed plat produced a total of 135.5 bushels 
of grain and 6.99 tons of straw per acre; the medium plowing pro- 
duced 120.7 bushels of grain, with 5.96 tons of straw, and the late 
plowing produced a total of 110.1 bushels of grain and 5.78 tons of 
straw. This makes a total difference in five years of 14.8 bushels of 
grain and 1.03 tons of straw in favor of the early plowing as com- 
pared with the medium plowing, and a total difference of 25.4 bush- 
els of grain and 1.21 tons of straw in favor of early plowing as com- 
pared with late plowing. These results lead to the conclusions that 
better yields can be obtained by plowing early in the summer the 
land which is to be seeded to wheat. This means July 1 to August 15. 
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The same publication from which these results were copied states: 

It should also be observed that these results were obtained on ground that 
was given good cultivation after early plowing. Early plowing alone will not 
suffice. The seed bed must be thoroughly prepared. On a great many farms 
the plowing is done at an early date, but the fields are allowed to remain in an 
open, broken condition until a few days before seeding commences, when the 
surface of the field is given a stroke with the harrow and the grain is drilled 
immediztely. In the interval between the time of plowing and seeding the 
mecianical condition of the soil has not been improvec. The fields become coy- 
ered with weeds and moisture evaporates rapidly; consequently a poor seed bed 
and an imperfect germination result.¢ 

If we had complete records of the moisture content of these plats 
during the progress of the experiment we would undoubtedly note an 
appreciable difference in the percentages shown for the respective 
treatments, especially during the more unfavorable seasons. If this is 
true, and we must concede the fact that our experimental data point 
in this direction, then in planning the rotation for this section some 
attention should be given to the monthly average precipitation, in 
order that we may be able to store a full supply of moisture for the 
growing crop. The different plants in use also consume varying 
amounts of water; hence, our plan should include a study of the 
moisture requirements of the crops in question. Our first principle 
may be resolved into a simple statement which reads thus: (1) The 
rotation should be so arranged that it will be possible to make the 
best use of our rainfall; and (2) it should not interfere with the 
needs of the subsequent crops so far as the moisture is concerned. 

We come now to another phase of the subject. The tiller of the 
soil wishes to maintain the productive capacity of his soil; therefore, 
the arrangement prescribed must meet the food requirements of the 
plant if maximum yields are to be maintained. This was the idea 
which found a prominent position in the minds of those men who 
were instrumental in giving to the world some well-defined systems. 
The Norfolk four-course rotation may be mentioned as one of these. 
Turnips, barley, clover, and wheat were the crops which comprised 
the list. Coming down to a later date we find that our foremost 
agricultural investigators have emphasized the importance of main- 
taining the productive capacity of the soil; hence, they planned their 
work and made suggestions with this end in view. Permit me to 
offer another quotation from Sir Henry Gilbert: 

Although different and sometimes very large amounts of these typical min- 
eral constituents are taken up by the various crops constituting the rotation, 
there is no material export of any in the salable products except of phosphoric 
acid and potash; and so far, at least, as phosphoric acid is concerned, experi- 
ence has shown that it may be advantageously supplied in purchased manures. 


“Bul. 65, Oklahoma Agricultural Experiment Station, ‘‘ Wheat Growing.” 
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But although the eventual loss to the land of mineral constituents 
is in a self-supporting rotation comparatively so small, the very fact 
that the different crops require for their growth not only very dif- 
ferent amounts of individual constituents, but require these to be 
available within the soil in very different conditions, both of combi- 
nation and of distribution, points to the conclusion that in any 
explanation of the benefits of an alternation of crops the position and 
the réle of the mineral constituents must not be overlooked, and the 
less it can be when their connection with the very important element 
the nitrogen of the crops is considered. 

Some agricultural writers of the past have insisted that a well- 
planned rotation aids in maintaining the fertility of the soil, but they 
have failed to include the staternent that some return in the way of 
farm manure must be made if large crop yields are to be secured. 
Perhaps it would not be out of place to make a brief inquiry con- 
cerning the removal and ultimate distribution of the essential con- 
stituents of plant growth. It has been intimated that a rotation of 
crops offers a more satisfactory plan for the return of farm manure 
to the various fields, but the question of making a complete return 
was not discussed. This leads us to a study of the percentage of the 
elements which are found in a sample of average manure, and we 
shall also consider the amount of the mineral constituents which are 
taken from the soil by our staple crops. 

Farm manure is made up of the liquid and solid excrements of the 
farm stock, together with the litter which has been employed. The 
term farm manure was formerly used to include all substances which 
were applied to the land for the purpose of enriching it. “ Latterly 
the meaning of the word has changed somewhat, and it does not now 
embrace commercial fertilizers or those substances whose chief object 
is to improve the physical condition of the soil.” Farm manure is 
sometimes called a “ general manure,” because it contains all the 
constituents of plant growth and it is likely to be generally useful in 
all soils. A knowledge of the composition of farm manure is essen- 
tial to a proper understanding of the principles which have bearing 
not only upon the preservation of the material, but also in the apph- 
cation of the manure to the land. The composition of manure ob- 
tained from different sources varies in a great many cases to quite an 
extent, but in spite of this fact uniform results have been secured in 
many laboratories, and a few statements made will be based upon 
these results. 

“ Having regard to the more trustworthy of the analyses given in 
the tables, it will be seen that 100 pounds of good farm manure con- 
tains from 70 to 80-odd pounds of water, or say three-quarters of 
the weight of the whole manure, and it is safe to allow for each 100 
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pounds of the manure as much as four-tenths to six-tenths of a pound 
of potash, five-tenths to nine-tenths of a pound of lime, and about 
two-tenths of a pound of magnesia.” In simple form the percentage 
of the essential elements present in the manure may be stated as fol- 
lows: Nitrogen, .49 to .69 per cent; phosphorus, .06 to .15 per cent; 
and potassium, .33 to .49 per cent. If 10 tons of manure are applied 
to an acre of land once in three years, then 120 pounds of nitrogen, 
30 pounds of phosphorus, and 98 pounds of potassium would be 
added to the soil. A three-year rotation of corn, wheat, and clover, 
where the crops approximate 100 bushels of grain for the corn, 40 
bushels of grain for the wheat, and 3 tons of hay for the clover, re- 
moves 266 pounds of nitrogen, 388 pounds of phosphorus, and 120 
pounds of potassium. According to this calculation, more plant food 
will be taken from the field in the grain and hay than is returned in 
the 10-ton application of average manure. The wheat, straw, and 
corn stover were not taken into account in this table. These figures 
serve to show, however, that although manure contains all the fer- 
tilizing elements, the quantity returned to the soil under average 
conditions is not sufficient to equal the amount which has been re- 
moved by the crops in question. 

Farm manure has given good results when applied to Oklahoma 
soils, even in cases where continuous cropping is practiced, and we 
believe that still better returns can be secured in the application of 
this material to fields which are placed under a systematic course of 
cropping. In 1893 an acre of virgin soil was laid out for a continu- 
ous culture experiment with wheat. This plat was cropped to wheat 
annually, without the addition of manure or fertilizers of any kind, 
up to the summer of 1898, at which time the acre was divided into 
two sections of one-half acre each. One of these received an applica- 
tion of barnyard manure at the rate of 15 tons per acre in the fall of 
1898 and another application at the rate of 11 tons per acre in the 
fall of 1899. This area received no further application of manure 
until the summer of 1904, at which time the plat was given a dressing 
of average, well-rotted, farmyard manure at the rate of 18 tons per 
acre. The manure, which was applied in July, was very moist, and 
it was therefore necessary to make a heavier application than would 
have been the case if the manure had been in ordinary condition. 
The remaining half of the original plat has received no manure or 
fertilizer whatever, but nas been cropped continuously to wheat since 
the experiment started. Both plats have received the same cultural 
treatment, as follows: The plowing was invariably done in July, to 
a depth of 6 to 7 inches, and the soil was kept in a good state of tilth 
up to seeding time. The yields for an eight-year period are shown in 
Table IV. 
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TABLE IV.—Yields of wheat on manured and unmanured plats in Oklahoma, 
1899 to 1905, inclusive. 


Unmanured 


| Mf: , 
Manured area. oa 


Year. 


Grain. | Straw. | Grain. | Straw. 


Tons. | Bush. | Tons. 
2.76 | 12.00 als 
2.50 18.10 1.16 
TEAS) 1252 Ot eee 
1.08 15. 30 74 
2.16 20.30 1.39 

la 12.60 57 
1.53 4.75 55 
2.00 7.10 72 
ein 14516 99 


In this field trial an average increase of 10.33 bushels per acre 
per annum was obtained by giving the treatment indicated, It is 
interesting to note that the average yield for the unmanured ground 
slightly exceeds the average yield for the Territory, according to 
the reports issued by the National Department of Agriculture. 

If we refer again to our calculation on the losses due to cropping, 
we reach the conclusion that there is a marked deficiency with 
respect to the element nitrogen, and as no suggestions were made 
concerning methods of securing this constituent for the crop, your 
attention is directed to the following paragraph, which appears in 
Bulletin 74 of the Oklahoma Agricultural Experiment Station: 


The cowpea and soy bean can not only be used to advantage in securing 
practical results in the management of farm crops, but the plants also serve a 
useful purpose from a fertility standpoint. These plants, as well-as other 
members of the legume family, are able, through the medium of microscopic 
organisms which are found in small tubercles or nodules on the root systems, 
to assimilate free nitrogen from the soil air. This nitrogen is stored up 
within the plant in an organic form, and if the crop is used as a green manure 
the nitrogen in turn is rendered available for plant growth. Nitrogen is 
designated an essential element, and rightly so, because without this substance 
the plant or crop can not develop. In fields where the supply of nitrogen 
becomes deficient through the adoption of improper methods of soil manage- 
ment, the crop under average conditions does not make a normal growth; 
hence, in order to obtain maximum yields on such lands this element is fre- 
quently applied in some commercial form. The crop systems which are in 
yogue in the Southwest favor nitrogen exhaustion; thus, if the present plans 
are continued it will be but a short time until our lands will cease to return 
profitable yields. Nitrogen when purchased in commercial form is an ex- 
pensive element, and if care and judgment are not exercised in the application 
of the fertilizer serious losses are likely to accrue. On the other hand, the use 
of legumes—and we speak more particularly of the cowpea and the soy bean— 
appears to offer a safe and satisfactory solution for the problem of nitrogen 
restoration. It should be observed that the necessary bacteria must be present 
in the soil in order to insure the development of tubercles on the roots. In 
this section the cowpea nodule-producing bacteria are normally present in 
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the soil, but the soy bean fails to produce tubercles on its root systems. Where 
the proper bacteria are wanting they can be supplied by obtaining samples 
of soil from a field where the germs are present and scattering the same on the 
uninoculated area. 

These crops should be given a conspicuous position in our rotation. 
Inasmuch as the seasons in this section are comparatively long, the 
cowpeas and soy beans may be used as catch crops to follow wheat 
and spring grain. Alfalfa should be grown on the best land, and 
when a first-class set is obtained it will scarcely be profitable to replow 
the field for at least six or eight years. This plan throws one section 
of the farm out of the regular order of cropping, but it may be used 
in the rotation as soon as a second section is seeded to alfalfa. 

There is another phase of this subject which should be considered. 
It has already been remarked that a given crop, Indian corn, makes 
a much better record in following a crop like potatoes or soy beans 
than in cases where it follows sorghum or Kafir corn. In the rota- 
tion, therefore, some attention should be given to these discrimina- 
tions. Minnesota Station Bulletin 50 says: “ Rotations were begun 
in 1894, and thus far potatoes followed by mangolds, corn, or field 
peas, wheat, and flax in the order given best prepared the land for the 
succeeding crop.” 

The Rhode Island Station Report for 1897 contains the following 
statements: 

The average results for two seasons indicate that when potatoes are planted 
on a clover sod a better yield is obtained than when the erop is planted after 
corn. The growth of potatoes upon the clover sod plats was very rapid and 
vigorous, indicating the presence in the soil of considerable available nitrogen. 
Clover and lupines gave better results when grown after some other leguminous 
crops than when grown on a soil which had not produced a crop of that class 
for several years. 

There is another item which may have a very important bearing 
in the arrangement of plans for the southern farmer. It is compre- 
hended in the following statement in Louisiana Agricultural Experi- 
ment Station Bulletin 16, 2d series: 

Several years ago the following rotation was decided upon as the best com- 
bination attainable in this section. This rotation is corn, oats followed by cow- 
peas, and cotton. This rotation is faulty in principle but correct in practice 
and was adopted last season after two years’ trial. The corn should precede 
cotton, but experience has demonstrated that Red Rustproof oats, the only 
variety successfully grown here, must be planted in October if maximum results 
are desired. Cotton can not be removed in time for the crop, while corn can. 

The rotation may be arranged in courses of any number of succes- 
sive crops; thus, the farm can be divided into three, four, or five sec- 
tions, and the form or plan best suited to the particular branch of 
agriculture in which we are engaged may be adopted. 
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The following is a good three-year rotation for northeastern Okla- 
homa: (1) Corn; (2) oats; (3) wheat followed by cowpeas. For 
the southeastern section of the State the three-year rotation may be 
as follows: (1) Corn; (2) oats followed by cowpeas; (3) cotton. 

These rotations are arranged to meet the requirements of farmers. 
Farm manure can be applied to the respective fields prior to cropping 
the area with corn. Ifa spring variety of oats is used in each case, a 
eatch crop of cowpeas might follow corn, although one could expect 
a reduction in the yield of corn by following such a method. The 
cowpea seed can be sown when the corn is “ laid by.” It will be seen 
that a winter variety of oats may be used to follow corn; hence, if 
better results can be secured by using such a variety than in the case 
of spring varieties, there will be sufficient time to prepare the land 
and sow the seed after removing the corn. This applies more par- 
ticularly to southern sections of the State. In the cotton-growing 
sections a four-course rotation could be arranged by using the three 
crops included in No. 1. The cotton in this case would follow wheat, 
and the cowpea crop might be used to advantage for green manure to 
be turned under after the wheat is harvested. 

The following is suggested as a suitable five-year rotation for 
farmers in central Oklahoma: (1) Corn; (2) kafir; (3) cotton; (4) 
oats; (5) wheat followed by soy beans. For northwestern Oklahoma 
the following is suggested: (1) Broom corn; (2) a legume crop; (3) 
wheat; (4) brome-grass; (5) brome-grass. 

It may be stated in connection with the last of these five-year rota- 
tions that a legume like cowpeas can hardly precede wheat, provided 
the seed of the latter crop is sown in the autumn; but, if spring 
wheat (durum) is grown, such a plan will give satisfactory results. 
With winter wheat this combination would tend to exhaust the soil 
moisture and reduce the yield of wheat quite perceptibly. We are 
not in a position to state definitely whether brome-grass will thrive 
in the northwestern section, but, as it has given good results in Kan- 
sas and Nebraska, we have included the same in the five-year rotation 
suggested for northwestern counties. In the central and southern 
parts of the State brome-grass has never given very satisfactory re- 
sults; consequently, this grass has not been recommended for those 
sections. Bermuda grass makes an excellent substitute, but it can not 
be manipulated as well in the rotation on account of its habits of 
growth. This grass is propagated mainly by scattering the roots in 
small furrows and covering them with a shallow layer of earth. 
Such a method requires considerable labor; hence, when 4 given area 
has been set to grass it is generally advisable to allow the same to re- 
main down for a period of years. Alfalfa is also allowed to stand for 
a period of six or eight years. Farm manure can be applied to the 
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land in both of the five-year rotations suggested immediately preced- 
ing corn, or it may be incorporated with the soil early in the summer 
preceding wheat. 

The following is suggested as a six-year course: (1) Corn; (2) 
oats followed by cowpeas; (3) kafir or sorghum; (4) cotton; (5) 
cowpeas (harvested) ; (6) wheat followed by soy beans. A five-year 
course of cropping followed by five years in alfalfa is suggested in 
the following: (1) Corn; (2) oats followed by cowpeas; (3) kafir or 
sorghum; (4) cowpeas or soy beans; (5) wheat; (6) alfalfa for 
five years. 

These rotations are somewhat more extensive than the preceding. 
In both cases legumes are grown on three fields during a given season, 
and one could plan to use two of these crops for green manure pro- 
vided the soil is deficient in humus. The stockman-farmer can use 
such crops to good advantage for feeding purposes, and then return 
the manure to the land. In the case of the last rotation given, the 
farm is divided into six fields, and five of these are subjected to an 
alternation of crops annually. At the end of the fifth year the alfalfa 
crop is moved to a new section, and the old alfalfa field is used in the 
yearly series. This plan presupposes that the entire farm is suitable 
for alfalfa. In planning a rotation the following facts should be 
taken into account : 

(1) The rotation should be arranged to make the very best use of 
the annual rainfall. 

(2) The productive capacity of the soil should be maintained; 
thus our crop system should be comprehensive enough to include 
provisions for the realization of this object. 

(3) Various crops differ in their moisture capacities; consequently 
the rotation should be so arranged that one crop will not suffer be- 
cause the preceding crop consumes an abnormal amount of moisture. 

(4) It has also been stated that a given crop may do much better 
when preceded by a crop of potatoes than in cases where the land was 
previously devoted to a cereal. The likes and dislikes of the plant 
should be considered. 
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By J. H. Suerrerp, Director, North Dakota Agricultural Experiment Station, 
Fargo, N. Dak. 


The possibilities in dry-land plant breeding are so great that I feel 
that it will be a mistake not to enlist the side time of each scientific 
worker who comes in contact with plant life in the region. 

Mendel, the Austrian monk, found time from his devotions to 
breed peas, and incidentally evolved one of the strongest hypotheses 
that the breeding world has ever received. Hugo De Vries, a Dutch 
botanist, found time to work upon scientific features of breeding and 
even to evolve a theory which has set the scientific world agog as to 
whether he has not more truly solved the question of the origin of 
species than did Charles Darwin. 

The originators of the Concord grape and of the Wealthy apple 
are alike men who simply caught them up as side issues. 

Light horses, poultry, dogs, pet stock, and flowers furnish more 
evidence of good sensible breeding than do any other classes of living 
domestic things, and they are simply the result, in a large part, of 
the side efforts of wealthy people. 

You young men represent the only organized body of persons who 
are interested, in a broad and permanent sense, in the upbuilding of 
the dry-land region of the West. You are trained scientific men and 
you are brought in contact with large numbers of plants of the best- 
adapted sorts which the world can supply, and this enlarges your 
chance of happening upon the mutant of De Vries, the Concord 
grape, or the Justin Morgan of the light-horse world. 

The climate makes you a strong and unbiased ally in selecting 
the Darwinian survival of the fittest for the Great Plains region. 

Animal breeders hold that the success of Robert Bakewell and the 
many successful breeders of later generations in old England was due 
to the fact that live stock was bred so much by geographical districts, 
more commonly by counties, that the observing breeder by short 
horseback journeys could see hundreds to thousands of head of the 
particular breed and class in which he was interested and conse- 
quently could select the superior individuals, the result being that 
the world’s breeds of domestic live stock, exclusive of swine, nearly 
all trace to the “ tight little island.” Do you not have a similar op- 
portunity, with interested neighbors who are anxious to grow stock 
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of all the new things which you can recommend, who are glad to 
have you inspect their fields for prime specimens and who will, 
indeed, aid you in the task? 

IT am convinced that the Great Plains area has possibilities for 
producing crops of high quality which the balance of the country 
‘-an not duplicate. It is a region noted for the clear air and intense 
sunlight. The fact that it is a dry-land country means more hours of 
sunshine than other portions of the country have, which, together 
with dry air, makes almost ideal natural disinfecting conditions. 
Absence of disease is certainly a great aid to the production of high 
quality. Dry ripening and curing weather are great aids in the pro- 
duction of high quality of crops, and I shall be surprised if the day 
does not come when the dry-land region will be looked to as the 
source of high quality in crop products. 

Durum wheat, nonsaccharine sorghum, and several of the horticul- 
tural plants are sufficient indication that there are special types of 
plants particularly adapted to the dry-land region. The success- 
ful culture of slender wheat-grass (Agropyrum tenerum), Bur- 
bank’s spineless cactus, and Hansen’s native fruits indicates that 
foundation and acclimated stocks may be at your very doors if you 
will but guide nature’s acclimated products into cultivated-plant 
channels. You are really engaged in a battle of conquest. You 
are at work upon a plan calculated to add territory to the profit- 
able farming country. You are doimg much by methods of moisture 
conservation and have much in prospect from that line and from the 
study of a sensible method of cropping, and it seems to me that it 
will be a fatal mistake not to take in this third ally—plant breed- 
ing—if not on an extended scale, certainly as a side line. 

To those who go into plant breeding I would suggest two things: 
First, do not undertake too extensive a line of work; second, make 
sure to keep a plain, easily traceable record. 

Interest in too many lines of breeding work will scatter your 
energies too much and force neglect. It is hard to throw away 
breeding stock, and especially when you have not worked it over 
thoroughly, as there is always the fear that you are throwing away 
the one which should be kept. 

Keeping a record of plant-breeding stocks soon becomes a serious 
matter, as they rapidly run into large numbers and many genera- 
tions. A plan of record keeping which would answer the needs, at 
least of those who practice plant breeding as a side line, is to indicate 
series by the letters of the alphabet and generations by figures. 

One of the great needs of the dry-land region is the breeding of 
legumes, particularly clover and alfalfa; also the development of 
suitable grasses. In that work special provision will need to be 
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made to prevent your climate ally in selection from destroying 
your entire stock. Nature’s selection is spasmodic, and during some 
seasons it 1s so severe as to eliminate good and bad alike. It is 
always wise to make provision for the future by saving a portion 
of your seed supply for a start during a second season. With the 
legumes and grasses at least two seasons’ failure should be guarded 
against, for in addition to winterkilling there is the chance of a 
failure to secure a “catch” of plants which will be able to live 
through the trying times of the growing season. 

I am convinced that there is great opportunity for improvement 
in the forage crops for the dry-land district, and particularly among 
the nonsaccharine sorghums, which can be selected and handled in 
much the same manner as corn breeding is done. Since they are 
annuals the chance of losing your entire improved stock of seed is 
much less than it would be with a biennial or perennial plant. They 
have individuality like corn, and hence are more easily handled 
in the nursery and in the pedigree record. 

In closing let me urge that those employed at stations where the 
breeding work is not undertaken by a special man be upon the alert 
for the strong-constitutioned, vigorous, heavy-yielding, thrifty 
plant whose descendants are liable to be especially valuable. Those 
who come in contact with plants in large numbers have the chance 
to discover the Shakespeare of the species, and if De Vries’s muta- 
tion theory is right it may be that a ready-made constant producer 
of a similar sort will be sighted. In any event it will prove an 
interesting line of study for the young man who gives it attention. 
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